Strikestar 2025

A Research Paper
Presented To

Air Force 2025

by

Col (Sel) Bruce W. Carmichael
Maj Troy E. DeVine
Maj Robert J. Kaufman
Maj Patrick E. Pence
Maj Richard S. Wilcox

August 1996



Disdaimer

2025is a study designed to comply with a direcive from the chef of staff of the Air Force b exanine he
concepts, capabilities, and technologies the United States will require to ramain the doninant air and space
force in the future. Presented on17 Jine 1996, his report was prodwced in the Department of Defense school
ervironmert of acaemnic freedmard in the interest of advancing concepts related to natioral defense. The
views expressed in this report are those of the authors and do not reflect the official policy or podtion ofthe
United States Air Force, Department of Defense, or the United States government.

This report contains fictioral represeretions d future situatons/scerarios. Ay similaritiesto real people or
events, other than those specifically cited, are unintentional and are for purposes of illustration only.

This puwblicaionhas beenreviewed bysecuity ard policy review authorities, is unclassffied ard is cleaed
for public release.
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Preface

We exanined inmamed aeria vehicles JAV), knowing that similar reseach had prodiwced naysayers
and even sorre active hodility. However, we are genuinely corcerned for future modernization efforts as
budgets and manpower decrease. We came to an early corclusion that manned vehicles provide a flexibility
ard level of accantahlity far beyond that of unmanned vehicles. But corsidering ou changing world, the
use d unmamed vehicles br missions keyond recanaissaee is boh techically feasble ard costattracive.
We envisionthe UAV proposd tere to be a force multiplier for the air ard spacewarrior—a new tool in

the warrior's arsenal.
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Executive Summary

The United States military of the year 2025 will need to deal with a wide variety of threats in diverse
parts of the world. It will be faced vith budgetary restraints that will dictate system trades favoring those
military elements that offer utility over a wide spectrum of corflict and add to the ability to project power
over long distances. The United States military of the year 2025 will also exist in a soda and political
environment that will dictate the need to minimize United States persomel losses and enemy collateral
damage.

An oppotunity exists to exploit planned advances in intelligence, surveillance, recomaissance, and the
development of unmanned aerial vehicles (UAV) to address future military needs  Through dl-source,
coordinated intelligence fusion, it will be possible to supply the war fighter with al-w eather, day or night,
nearpeifect batlesmpce avareress. This informaion will be of precision targeting quality and takes
advantage d multiple saurces b creat a nultidimersional view of poertial targets. Early in the twerty-first
century, recormaissance UAVs will mature to the extent that reliable, long-endurance, high-altitude flight
will be routine, and multiple, secure command and cortrol communications links to them will have been
developed.

The obvious extension of these developnents is to expand UAV use to include lethal missiors. In 2025,
a gealthy UAV, we refer to as “ StrikeStar,” will be able to loiter over an area of opeations for 24 hous at a
range of 3,700 niles from launch base while carrying a payload of al-weather, precision weapors capable
of various effects. Holding a target area a cortinuous risk from attack coud result in the possibility of “air
occupdion” Alternatively, by reducing loiter time, targets within 8,500 niles of the launch and recovery
base could be struck, thus minimizing overseas basing needs.

A corcept of opeatiors for this UAV will include various opeaation modes using the information
derived from multiple sources to strike designated targets. In developing and fielding this type of a weapon

system, amgjor corsideration will be carrying weapors aboad unmanned vehicles. However, the StrikeStar
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UAYV concept has the potertial to add new dimensions to aera warfare by introdwcing a way to ecaomcally

and continuously hold the enemy at risk from precision air attack.



Chapter 1

Introduction

The 2025 sudy was chartered to look at twenty-first century airpower needs and podulate the types of
systems and capabilities that woud be useful to future war fighters. This pgoer targets the potential
contribuions  unmamed aeral vehicles UAV) to the future war fighter. Specfically, it looks atan
expansion of the UAV’s role fromits resem recanaissaice enphasis to ercompass a mitimission stike
role. Although gen-source literature speaks of usng UAVs in combat suppott roles, less has been written
about the use of such aircraft as lethal platforms. This pgoer helps to address this shortconming and shoud
stimul ate the thinking necessary to make the organizational and cultural changes that will utilize UAVs in this
new role.

The paper is organized to stow where we are in the field of UAVS, ddineat the needfor this new
capability, and discuss some nortechnical corsiderations that must be addressed before this capability is
fielded. It thenlooks at the technology required to bring this concept to fruition, and, finally, shows the ways
a lethal UAV could be employed.

It shodd be understood there is a variety of forms a lethal UAV coud teke as well as a variety of
performance capabilities it coud exhibit. The concept of lethal UAVs found in the Air Force Scientific
Advisory Board’s New World Vistas Air and Spae Power for the 214 Century is bu ore form a lethal
UAV cauld take. Their concept of a high-speed highly maneuwveradle UAV camle of performance far
greater than current manned fighter aircraft offers ore future capability. This paper looks at a different UAV
capability emphasizing long-loiter and cos-effectiveness. This is a concept of “air occupation’—the ability

to hold an adversary continuously at risk from lethal or nonlethal effects from the air.



Chapter 2

Historical Development and Employment

Unless you plan your strategy and factic far ahead, unkss you implement themin terms
of weaponsof tonorrow, you will find yourself in the field of battle with weapons of
yesterday.

—Alexander de Seversky

The United States Air Force will remain actively engaged inal corrers of the gobeand at all levels of
the corflict spectrum. Yet at the same time, the military budget is decreasing, overseas bases are closing, and
there is political ard scial pressue to keep Wited States ard adversary casalties to a minimum in ary
future conflicts. The stuation as a@sciibed, is unlikely to charge muchin the future. Asthe Air Force adpts
to this new set of redlities and meets it commitments to the nation it will need to look a new ways and
methods of doing business. One of the mog pronising future possibilities is the increased use of unmanned
aeiia vehicles UAV) to peform tasks previously accamplished by manned aircraft. Unmanned aircraft
have the potertial to significartly lower acqiisition costs in comparison with manned alternatives, thus
erabing the fielding of a nore robust force stucture within constrained budgets. Unmanned aircraft canalso
be tasked b fly missions ceened unduy risky for humars, boh in anernvironmental serse (i.e., extrenely
high-altitude or utra long-duration flight) as well as from the conba loss standpoint. The Department of
Defense (DOD) recognized the potential value of the UAV through is suppott of the Defense Airbome
Recanaissaee Office’s (DARO) advanced concept technology demorstrations (ACTDs) of a family of
long-endurance recomaissance UAVs. However, the DARO UAVs, dong with other improvements in

recomaissance and conmunications, will lead to even greater possibilities in the use of UAVs to project

- 1 . .
precisionaerospacepowerto all parts of the world and to remain engaged at any level of conflict.



The Early and Cold War Years

The wse d UAVs is not a rew experierce or the Lhited Sates amed forces @ those of many other
states. The Germanuse d the V-1 in World War |l stowed that unmamed aircraft could be launched against
targets aml creak a astructive efect2 Unfortunately, the V-1 was a“use and lose” weapon Once launched,
it was designed to destroy itself as well as the target. Inthe 1950s the United States developed an tnmanned
intercortinental-range aircraft, the Snark. Designed to supplement Strategic Air Command's manned
borbers in nuclear atacks agpinst the Sviet Union this unmamed aircraft also destoyed itsef as t
destroyed the targetn effect, these were precursors of today’s cruise missile.

In the United States, the UAV has normally beenassaciated with the recanaissace nission ard
designed to bearecoverable asset for multiple flight opeations. The remotely piloted vehicles (RPV) of the
early 1960swere developeal in resporse to the perceived vunerability of the U-2 recomaissance aircraft,
which had been downed ove the Soviet Unionin 1960 ad again over Cubain 1962.3 “Red Wagon’ was the
code name for a 1960 poject by Ryan Aerorautical Cormpany to demonstrate how its drores coud be used
for unmanned, remotely quided plotographic recomaissance n15siors.4 As early as 1965, modified Ryan
Firebee drones were used to overfly China with some losses experslenced.

In 1962, n conjunction with the developrent of the Central Intelligence Agency’'s manned A-12
(simlar to the SR-71 Blackoird) recanaissace arcraft, Lockheed began developnert of the D21
supersonc recomaissance drore (fig. 2-1). The D-21 (codenamed “Tagboad”) was designed o be
launched from either the back of atwo-seat A-12 (designated M-12 for this project) or from under the wing

of aB—52H.6 The drore codd fly a speeds greater than Mach 3.3, d dtitudes above 90,000 éet, and had a

range of 3,000 rﬁ&s.7 At the enl of the D-21's mission, the recanaissace aml navigation equipmert as

well as he exosed canera film could be paachted away from the airframe ard be recovered by a
specially equipped aircraft.8 The project was canceled in 1971 de to rumerous failures and the high cos of

.9
operations.



Figure 2-1. D-21 Tagboard

The best known United Sates LAV opeaatiors were those caxducted by the United States Air Force
duing the Vietnam War. Ryan BQM-34 (Ryan designation Type 147) “Lightning Bug’ drores were
deployed to the theater in 1964 From the tart of opeations in 1964 util missiors were terminated in
1975, 3,435 opretional drone sorties were flown in Southeast Asia by the Strategic Air Conmand’s 100h
Strategic Reconnassance V\ﬁng.11 These air-launched UAVs flew boh high (above 60,000feet) and low
(bdow 500 fet) dtitude missiors. Mission duratiors were as lorg as 7.8 tours. Types of missiors flown
included photo recomaissance, leaflet dropping, sgnals intelligence collection, and the laying of radar-
confusng daff corridors to aid penetrating drike aircraft.12 The awrage life expectrcy of a dore in
Southeast Asia was 7.3 missions with ore aircraft, the Toncat, flying 68 nmissiors before beng log  (fig. 2-
2). Recovery rates for opeaatioral unmanned aircraft in Southeast Asia were approximately 84 percent with

2,870 of the 3,435 sorties recoverlgd.



Figure 2-2. BQM-34 UAV, Tomcat

In addition to the recanaissace wle, Teledyne Ryan also experimented with lethal versions of the
BQM-34 dore. In1971 ad 1972, dores were armed with Maverick missiles or electro-optically guided
borrbs (Stubby Hobo) in an attempt to develop an unmanned ddense suppression aircraft to be flown in
conjundion with manned strike aircraft (fig. 2-3). The thinking behind this project was that an unmanned
aircraft“. . . dosn't give adamn for its own safety. Thus every unmanned bird is a poential Medd of Horor
winner™™*

The Israelis effectively used UAVs in 1973 ad 1982. In the 1973 Yom Kippu War, the Israelis used
UAVs as decoys to draw antiaircraft fire away from attacking manned arcraft. In 1982, LAVs were used to
mark the locations of air defenses and gather dectronic intelligence information in Lebanon and Syria.

During the war, the Israeis used WAVs to cattinually monitor airfield actvities aml use te informaton that

was gathered to alter strike plalr?s.
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Figure 2-3. BQM-34 UAV with Stubby Hobo
The Gulf War and Its Aftermath

The United Sates “rediscovered” the UAV inthe Gulf War. The Pioreer UAV (fig. 2-4) was purchased
by the Department of the Navy to provide inexpensive, tnmanned, ove-the-horizon targeting, recornai ssance,
ard batle damage assessanrt (BDA).16 The Army puchased he Roreerfor similar roles ard six Pioreer
systems (three Marine, two Navy, and ore Army) were deployed to Southwest Asia to take pat in Desert
Storm. During the war, Pioneers flew 330 sorties and more than 1,000 flight]h70urs.

In the afermath of the QuUlf War, the Lhited Sates hkegan to look more closely at the use of the
recanaissace LAV ard its possble wse b carectsare of the recannaissace slortfalls noted ater the war.
Spacebasedard manned airbome recanaissaice gatforms abre cald not satsfy the war fighter's desire
for continuous, ondenard, siuaioral awareress iformaion'® As a resdt, in addition to tacical UAVs,
the Lhited Sates kegan to develop a Bmily of erdurance UAVs that added a unigue aspect to the UAV

program%9 Three different aircraft comprise the endurance UAV family.



Figure 2-4. Pioneer on Sea Duty

The Predaor UAV is an ougrowth of the CIA-developed Gnat 750 arcraft (fig. 2-5).20 Also known &s
the Tier Il, or medium altitude erdurance MAE) UAV, the Predator is manufacured by General Atonics
Aerorautical Systems and costs about $3.2 nillion per aircraft.21 It is designed for anerduance d greaer
than 40 hours, giving it the capability to loiter for 24 hours over an area 500 niles away fromits launch and
recovery baae.22 It is powered by a reciprocating engine giving it a cruise speed of 110 loots, loiter speed
of 75 knots, ceiling of 25,000 éet, 450 poud payload, and a short takeoff and landing capability. The
Precdator caries arelecro-optical (EO) ard infrared (R) sersor ard was receitly deployed with a synthetic
aperture radar (SAR) inplace dé the EO/IR sersor. The Redator is also wique in its ablity to collect full-
rate video imagery and transmit that informetion in near real-time via satellite or line of sight (LOS) daa
link”® The Predator first deployed 1o Bosnia in 1994 ad hes since returned there with two corrbat-related

losses (see appendix A).



Figure 2-5. The Predator UAV

A highe peaformance vehicle is the Teledyne Ryan Aeronautical Conventioral High Altitude
Endurance (CHAE) UAYV (fig. 2-6). Referred to as the Tier |1+, or Globd Hawk, it is designed to fulfill a
podg-Desert Storm requirement of performing hi gh-resoluti on recornai ssance of a 40,000 guare nawtical mile
area in 24 harrs. The Globd Hawk is designed to fly for more than 40 haurs giving it a 24-hour loiter
capability ove an area 3,000 niles fromits launch and recovery base. It will simultaneowsly carry a SAR
and an EQ/IR payload of 2,000pownds and opeate from conventioral 5,000 &et runways. The aircraft will
cruise a altitudes above 60,000 éet a approximetely 340 lnots.* Tier 11+ is schedued 1o fly in late 1997

and meet a price requirement of $10 million per unit.



Figure 2-6. The Global Hawk UAV

The low observable high dtitude endurance (LOHAE) UAV (Tier lll- or DarkStar) is the final member
of the DARO family of erdurance LAVSs (fig. 2-7). DarkStar is manufacured byLockheedMartirn/Boeing
and is designed to image well-protected, high-value targets with either SAR or EO sensors.25 It will be
capable of loitering for eight hours at dtitudes above 45,000 éet and a distance of 500 miles fromits launch
and recovery base. DarkStar can be flown from runways shorter than 4,000 &et. DarkStar’s first flight
oocurred in March 1996°° This UAV is dso desi gned to meet a $10 nillio n per aircraft unit fly-away price.
DARO's rew erduance UAVs, along with manned airbome recanaissaige arcraft, are designed to meet
Jant Requiremnerts Oversight Council (JROC) desires for the developnert of recanaissaie systens that
are abeto “. .. maintain nearpeafectreakttime knowledge of the erermy ard canmunicae thatto all forcesin
nealﬁreal-time."27 DARO's god is “extended recomaissance,” which is “the ability to supply resporsive

and sustai ned intelligence data fromanywhere within enemy territory, day or night, regardless of weather, as
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the reeds d the war fighter dict.a\te.”2 The objective is to develop by the year 2010, arecomaissance

architecture that will support the goal of “extended reconnaissance.”

Figure 2-7. The DarkStar UAV

To do this, DARO will corsolidate platforms, introdwce endurance and tactical UAVs, emphasize all-
weater sersors aswell asmultispectal optical sersors, improve information systens canecivity to the
war fighter through obust line-of-sight and over-the-horizon communicati ons systems, prodice scal eable and
commontuse ground statiors, ard focuts a the kenefits of interdisciplinary sersor cuaing.29 In conjundion
with spacebome and other surveillance assets, this objective architecture will provide the war fighter and
command elements with near-perfect battlespace awareness.

The seamless integration of airborne and spacebome recomaissance and surveillance assets, along with
robuwst, on-denard canmunicaiors links, caupled with the exerierce in long-erdurance, high-altitude UAVs

made possible by current DARO efforts, will lead to the next step in the development and employment of

10



unmamed aeral vehicles—the long-erdurance, kthal, seathy UAV. A possble rame for this new aircraft
could be “StrikeStar,” and we willefer to it by that name throughout this paper.

StrikeStar will give the war fighter a weapon with the capability to linger for 24 hous ove a
batlegpace 3,700 ites away, ard, in a pecise manner, dedroy or cawse other desred efecs over that
space atwill. Bomb damage assessment will occur nearly instantaneowsly and restrike will occur as quickly
as the decisionto strike can be made. StrikeStar will allow cortinuous coverage of the desired battlespace
with a variety of precision weapors of various effects which can result in “air occupation’—the ability of
aerospacepower to continuowsly control the ervironmert of the aea into which it is projeced The rext

chapter explores the requirements that drive the StrikeStar UAV concept.

Notes

! The term “aerogpacepwer’ is used as ae woud normally use the word “airpower’ and reflect the
inseparability of air and space asets in 2025. In 2025, there will be no ar and space pwer, orly
aerospacepower.
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Chapter 3

The Need for A Strike Unmanned Aerial Vehicles

What we needto devebp is a converibnal deerrence brce, smilar to our nuclear
triad, that we can project and sustain over long distances.

—Gen Ronald R. Fogleman

As 2025 appoacles the wse of unmamed aepspace velcles will be driven by sodocultural,
geopolitical, and econamic forces. Although t is impossible to see the future, some assumptiors can be

developed about the year 2025:

1. Americans will be sensitive to the loss of life and treasure in conflict.
2. The US economy will force its military to be even more cost-effective.

3. Technology will give potential enemies the ability to act and react qwlckly.
These strategic assumptiors create opeatioral needs the US military must meet by 2025. UAVs are ore codt-
effective answer to those neads and have the potential for use across the spectrum of conflict.  Althoughthe
need for advanced capabilities is cortinually emerging, this concept identifies corstraints that create a
demand for lethal UAVsin 2025 ad apossible solutionto that need. By 2025, Imitations may cause gapsin

US airpower and UAVSs offer the ability to bridge them.

Current Forces

Currently, the triad of convertioral aelogace brces caosists of carier-basedaircraft, land-based

strike aircraft, and CONUS-based, long-range borbers. While proven very effective in Desert Storm, this

triad has several Iimitations.2 First, the arcraft carier fleetis limited Naval aviationlacks seathy vehicles
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ard long-range s;slems.3 Carrierswill increasingly be called onfor dobd presence missiors, bu cannot be

everywhere at orr:e.4 Secad, land-based ifghters require forward basing, which could take days or even
weeks to devel op before employment. Finally, long-range manned bonbers require suppotting tankers, have
limited loiter time over long distances, varying degrees of penetration capability, and can require up to 48
hous b prepare for sirikes.5 In 2025, hese limitatiors will have a greater effect on US power projection as

a result of two factors: the shrinking military budget and a smaller military force (fig(? 3-1).

DOD Budget Forecasts
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Figure 3-1. The Shrinking Military Budget

The ripple effects of current US government budgetary problems are just beginning to affect US military
force levels and strength. Tighter military budgets will continue through 2010, orlonger, and fewer new
strike aircraft purchases will result as costs incréase.

Figure 3-2 represents a possible fighter force of 450 bythe year 2025 ad takes into corsideration ore

of the aternate futures that might befaced8 It is likely that today’ s fighter force will be retired by 2018, he
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F-22 will begin entering retirement in 2025, and that there will be further reductions in the bonber fleet.
These actions will result in a2025 tiad of corvertioral aelogpace frike forcesore fouth of the size of the

1996 forceg.
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Figure 3-2. Fighter Force Projection for 2025

Unfortunately, the demands onthis smaller force will not diminish. To be effective in 2025, ou smaller
convertional aeogace tiad will require a force multiplier that will enable the US military to strike within
secords of oppotunities. One way to achieve these results is to get inside ou adversary’s observation
orientation-decision-action (OODA) loopwhile reducing the time required for us to obrve, and then act.10
The advent of the capability for dominant batlespace avareress dlows us the alility to significantly reduce
ou observation orientation, and decision pheses of the Ioop.11 Unfortunately, ou current triad of
convertioral aeospace brces ae ime-limited n many scemrios die © deploymert, loiter, risk ard

capability corstraints. The corcept of a long-loiter, lethal UAV orbiting near areas of potential corflict
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coud dlow us to significantly reduce the OODA loop ation phese. In fact, the entire OODA loop ¢/cle

coud be reduced from days or hous to literaly secorr:is12 The lethal UAV offers a variety of unique
capabilities to the war fighter at the strategic, operational, and tactical levels of war.

The US strategic triad possesses the capability to hold oter countries at risk with a very short (30
minute) resporse time, but unfortunately, this type of deterrence is ony effective against forces similarly
equipped. With the exception of current no-fly zores in Iraq and Bosiia, we normally do not have
convertioral aelogpace forces posed for immediate recision stike, nor do we have the camhlity to
exercise this opion beyond ore or two theaters. Although nefly zones in Iraq and Bosnia are consdered
successful operations, the opeaations tempo and dollar cost of maintaining this deterrence is high. In 2025, a
snaller, cawertioral aeogace tiad will be expected to reactwithin secads over the troad specrum of
corflict from military opeatiors other than war (MOOTW) to mgjor regioral corflict (MRC); overcome
improved ereny air defense systens; ard meet demands r fewer pilot ard aircraft losses,all withou
requiring extremely high opeatiordl termos13 These expectations will demand the development of a force

multiplier to overcome the current, conventional aerospace triad limitations.

Required Capability

The force multiplier requred for 2025 comertioral aeoace tiad forces must be capald of
exercising the airpower tenets of shock, surprise, and precision strike while reducing the OODA-oop tme
from observation to action to oy seconds  Also, this force must possess the capabilities of stealth for
survivability and rdiability for alife span equivalent to that of manned aircraft. Many possibilities exist
acrossthe spectum of conflict. This pger develops the caxcept of a seakhy, reliable UAV cambe of
precisionstike. StrikeStar could actasaforce multiplier in a cowertional aeospace tiad ore fouth the
size of the 1996 force structure.

The SrikeStar UAV could adl a rew dimension to the war fighter' s arseral of weaprs sywtens. Ina
shrinking defense budget, it might be a cleager alternaive © cosly manned stike aircraft if today's high
altitudeerdurance UAVs are usedas a érget cost quide. StrikeStar must rely ona sygtemof recanaissame

assets to provide the information needed for it to precisely and resporsively ddiver weapors ondemand. To
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sawe costs ar minimize the risk of losing expensive sesors, SrikeStar itseff stoud have a mnimal sersor
load. The robust, expensive sensors will be on airborne and space ecanassae \ehicles, Eedng the
information to the UAV. An air or gound canmand elenent locaed in the theaer of opeatiors or
continertal United Sates cald receve fused ecanaissace dita ard use it to direct the StrikeStar to its
targets. A secue, redundart, canmunicaiors architecure woud canect StrikeStar ard the cammand
elenmer, bu the canmunicaiors sute cald be rather minimal since he UAV woud normally be in a
receive-only mode to reduce detectability.

StrikeStar shoud have a minimum 4,000pound payload 0 avariety of al-weather weapors coud be
enployed bythe UAV, depending onthe rget ard the efectdesired. Lethal weapns cald include globd
postioning satellite (GPS)-guided, 250pownd corventional weapors that woud have the effect of current
2,000pound weapors. Norlethal weapors such as “Stun Bonbs’ prodwcing overbearing noise and light
effect to disrupt ard disariert groyps of individuals cald also beddivered Targetdiscriminating, area-
denial weapors, air-to-air missies, ard theater missie defense wears could be enployed to expand
StrikeStar’'s potential applicability to other missionareas. Finaly, the best lethal weaponfor SrikeStar might
be an all-weather directed energy weapon (DEW) which could allow hundreds of engagements per sortie.

StrikeStar woud be designed for tremendous range, dtitude, and endurance capabilities. Cruising at
400 knots true airspeed, StrikeStar woud have an unrefueled range of amog 17,000 autical miles, thus
minimizing te historical problems inheent in obtining overseas basing rights that have limited ou strategic
choices. Translated into a loiter capability, SrrikeStar coudd launch, travel 3,700 niles to an orbit area,
remain there for 24 fours and then return to its original launch base. With a cruise altitude above 65,000feet
and amaximum dtitude of 85,000 éet, StrikeStar coud fly well above any weather and other corvertiorel
aircraft. It would fly high enough b avoid contrails and its navigation would na be conplicated by jet
stream wind effects.

Such capabilities shoud easily bepossible by 2025. Before the year 2000, bday's Tier [+ UAV will
have reacled reaty the SrikeStar range/endurarce ard payload capahblities and the Tier lll- will have
demonstrated stealth UAV vaue. The issue then revolves around the use of such an unmanned capability and
how such a capability coud add vaue to aerogpacepower of the werty-first cenury. Ben Rich a ormer

president of Lockheed'’s “Skunk Works” saw the future of the unmanned strike vehicle:
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But even aleader able to whip up sentiment for “sending in the Marines” will find it dicey
to uncertake any prolonged struggle leading  significant casudties. . . . As we proved in
Desett Storm, the cmology now exsts to preprogramcomputerized combatmissiors with
trenerdows accuacyso hatou steath fighters caild fly by computer program precisely to
their targets over Irag A skalhy drore is cleaty the rext sep ard | articipate thatwe are

heading toward a future where combat aircraft will be pilotless dones.
Couwled with the ability to reduce casualties, StrikeStar and its suppotting recomaissance and

communications assets will add new meaning to what the Joint Chiefs of Stpfécalion engagement

Precision engagement will corsist of a system of systems that enables our forces to locate
the objective or target, provide resporsive command and control, generate the desired
effect, assess our level of success, and retain the level of flexibility to reengage with
precisionwhenrequred. Even from extended ranges, precision engagement will allow us
to shape the hattlesmce,eraling domnart maneuver ard erhancing the protecion of our

forces.

Milestones

Currently, technology is beng developed to accamplish this concept. While the echmology will exist
by the beginning of the twenty-first century, transferring this technology fromthe laboratory to the béttlefield
will require reaching three new milestones in aerospace thinking.

First, US military leadership must bewilling to accep the cacep of lethal UAVs as a érce multiplier
for our corvertioral aeogpace tiad of 2025. They shoud not dery the oppotunity for cortinued gowth in
this capability.16 The issue revolves around the use of an unmanned capability and how such a capability
could add value taerospacepowenf the twenty-first century.

Secand, dodrinal ard organizatioral charges needto be fully exlored b ersue this new weapn
systemis opimally employed. Inthe context of a revolution in military affairs (RMA), developing a new
weapon system is insufficient to ensure our cortinued prominence. We nust aso develop innovaive
operational concepts and organizational innovations to realize large gains in military eﬁecﬁz/eness.

Finally, atarget dae not later than 2022 $ioud beset for this refined concept and suppotting systems to
be opeatioral for conba employment. This will give the US military and cortractors time needed to correct
deficiencies, leverage new technological developments, and polish capabilities equivalent to or beyord the
manned pottion of the cawertioral aeospace |tiad.18 The need will exist in 2025 br a cog-effective,

reliable force multiplier for the US military aerospace brces. StrikeStar offers a wique canbinaton of
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thesethreerequrenerts ard now is the ime to begin working toward these rilesiores b meetconvertioral

aerospace triad needs in 2025.
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Chapter 4

Developmental Considerations

The end for which a ldier is recruited, dothed, armed, and trained, the whole object
of his deeping, ating, dinking, and rarching is smply that he should fight at theright
place and the right time.

-Carl von Clausewiton War

Clausewitz's statement of the supremacy of purpose for all that we do inthe military applies as much
today asit did centuries ago. In his day, military leaders concerned themselves with tailoring, bulding, and
swstaining their forces b “fight at the right place ad the right time” with the purpose of winning wars.
Today, ou leackrs ae faced vith a similar challenge. Inou increasingly technologcal age, military leaders
are clallenged to develop weapon systens that eralde ou forces b deermine te “right place” anl move
people, equipment, and supplies to be able to fight at the “right time.”

Unmanned aerial vehicles offer military leaders the ability to use Global Awareness to more accuately
apply Global Reach and Gobal Power when and where needed. For years, UAVs have had the capability to
pwsh beyord the realm of observation recomaissance, and surveillance, and assume traditional tasks
normally assigned to manned weaponsystems. However, severa factors influenced decisiors that favored
manned aircraft development at the expense of UAVs. A 1981 Gvernment Accoutting Office report
“alleged inefficient management in the Pentagon in failing to field new [UAV] vehicles. The GAO roted
several explanations for the inertiaz many people are unfamiliar with the technology, unmanned air vehicles

are wexciting compared b manned vehicles, be limited ddense budget, ard user reluctarce—the pro-pilot

bias.”1
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Whether ore acceps this assessert or not, there have beenlimited advancenerts in military UAV
developrrent, but not withou pronmpting fromexternal sources. Since 1981, he US Department of Defense
has expended a much greaer effort in developing, prodwing, ard enploying UAVs in the recanaissace
role. Infact, UAVs proved to be a viable force multiplier in the codition military efforts in the 1991 Gilf
War.2 However, some of those problems idertified by the 1981 GAOreport cortinue to exist today and,
withou additioral UAV research and education, may severely limit future development of UAV military
potential.

Moreover, the “jump” fromusng UAVs in nonlethd reconnassance roles to lethal offensive opeaatiors
is a dramatc charge, adling arother consideration to deal with—public accantahlity. It is likely the
American pwblic and international community will demand assurances that unmanned UAVs peform at least
as safely as manned arcraft. This requirement must be corsidered in designing, developing, and employing
any lethal UAVSs.

This secton aralyzes his accantahlity issue and two other corsiderations: (1) an alleged pro-pilot
bias that favors development and employment of manned arcraft over UAVs and; (2) a reduced budget that

forces choosing space-based or air-breathing systems in a zero sum battle for military budget dollars.

Pro-Pilot Bias

Unde the many challenges of ther rapidly changng enwironment, the Air Force
leade ship may hawe beconme more focused on he preservation of flying and fligs than
on the mission of the institution.

—Carl A. Builder
The Icarus Syndrome

Nealy ewery reseach effort conducted on UAV developrrert in the last 10 years tes ether referenced
or implied the exstence of a “pro-pilot bias? Nonre of those studies, however, defines what constitutes that
bias,except in ore casewhere it is desciibed as a “serrel uctan:e."3 Yet auhors sate a imply that this
bias has been resporsible for dd aying or undermining efforts in devel oping and employing opeaatioral UAVS
since their inception In the future, to ersure opimization of combat UAVs, undedying concems nmust be

identified, validated, and dealt with as hurdles to be overcome, not biases.
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There are three identifiable concerns that will be analyzed concerning “pro-pilot bias” and its effects on
UAV developrent. First, there is a skepticism that current UAV technology provides the reliability,
flexibility, and adgptability of a piloted aircra]‘t.4 Basically, this pecegionimplies that UAVs are incapplde
of peforming the mission as well as egivalent manned aircraft since tey are unable to respord to the
combat erviromrmert’s dynamic charges. This incorrecty assmes al UAVs opeate auoronouwsly as do
cruise and bdlistic missiles. These latter systems do lack flexibility and adgptability, and only do what they
are progammed to do. Other UAVS, like the Predator, are remotely piloted vehicles, and are as flexible and
adaptable as the opeator flying them. The opeaator’s ability to respord to the environment is dependent on
external sersorsto “see” aml “heal” and on control links to provide inpus to ard receve feedackfromthe
UAV. Future UAVs using artificial intelligence will respord to stimuli in much the same way as a human, but
will only be as flexible and adaptable as programmed constraints and sensor fusion capabilities allow.

In 2025, échnology will enable near-real-time, sensor-shooter-sensor-assessor processes to occur in
manned ard unmamed aircraft opeaations. The questonis not whether either of thesesystensis flexible ard
adaptive bu whether it is more prudert to have a umanfly anaircraft into a tosile or politically sersitive
environment, or have an operator “fly” a UAV from the security of a secure site.

Secand, there is a percefionthat UAVs camb e of performing tradtional manned aircraft missiors are
a threat to the Air Force as an institution. This perceptionis deeply rooted in the Air Force’s struggle with
its own identity, a struggle lasting snce the early Army Air Corps days. Carl Builder, in The Icarus
Syndrorme, describes tow the Air Force sadificedairpower theay (“the er”) in excharge for the airplane’s
salvaton (“the mears”) when challenged by arguably more camhbe “mear&;.”5 Like the intercortinental
bdlistic missile (ICBM) and cruise missile, the Air Force has struggled againg the developrent of UAVs
orly to accanmodde it whenfaced wth other sewices’infringement ontradtioral Air Force missiors. Like
the ICBM and cuise missiles before it, the UAV has been assigned a suppott role, primarily in
recanaissace. The problem accading to Builder, isthatthe Air Force, whenfacedwith challenges to the

“flying machine,” tends b accanmodae new systens instead ofadapting dodrine  tie he rew “mears” to

its mssionard undetlying airpowertheory.6 Thus, Builderassets the Air Force has beenmyopic, seeing the
“mission’ of the Air Force interms o airplanes, ard therefore ary systemother thananairplane is rel egated

to mission suppott, or deemed a threat to the Air Force institution and dismissed.  Irorically, the UAV is
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following the sare developrrert pah that the arplane took over 50 yeals agp when the Army cuture
relegated it to a reconnaissance and mission support role.

Finally, there is a caxcem anorg the Air Force’s pilot community that UAVS pose a threatto their jobs
and, utimately, their future Air Force roles.7 There is a perception that UAVs will replace be reed br
pilots to enploy aeogpacepwer, ard closely tiedto this beief is the resdtar threatto the power baseard
leackrstip role pilots have held in the Air Force since its kirth. It is easyto ratioralize anAir Force founded
on flying airplanes led by those who fly them For years, tose who proteced he preeninerce d the
airplane also poteced bte leackrship of the plots ard opeators, saretimes at the expense of the
institution’s well being.8 If it is right for pilots to leada “fly, fight, ard win” Air Force, henwoud it be
equally right for pilots to sep down whenthe arplane is replaced bycruise missies, spacebasedplatorms,
ard UAVS? Pilots, who have held the leackership reins o the Air Force for more than 50 years, are now
facedwith beng replacedwith specialists ard technologsts. This threatard the reacton of today’s plot-
laden Air Force leadership will play a mgjor role in determining the UAV’s development between now and

2025.

Budget Competition — Space-Based, Air Breather, or Both

Spae warfare will lik ely become its own warfare area only when there is need to
condud military opeationsin space to obin solely space-related goals (not missions
that are conducted to support earth-based operations).

—Jeffrey McKitrick

The Revolution in Military Affairs
The Air Forceis looking to both space ad the inner atmosphere for ways to meetfuture war fighting
requremnens. At the same time, budget constraints ae forcing the Air Force to be selecive in determining
which system(s) will r eceive increasigly dwindlingdollars. In the past UAVs lost similar compeitions to
manned aircraft in the Air Force’'s canstant atempt to modernize its manned aircraft. Future compeitiors
will still face nanned aircraft concems, bu the canpeitionwill also be beween the UAV and an equivalent

spacebased plaform. This secton does ot provide a torough @npaative analysis of spacebased

systems and the StrikeStar. It does provide those who will make the decisiors that fund ore or both of these
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systenrs with (1) anunderstarding that a caonpeition exsts beweenspacebasedsystens ard a StrikeStar
concef; (2) same consideratiors to be used in meking those decisiors; ard (3) recanmendaions for using
the StrikeStar in conjunction with a bolstered space-based system.

Several organizations associated with the Department of Defense’ s research and developnent circle are
developing spcebasedsystens that canddiver precision lethal ard norlethal force aginst ground-based
targets. Like StrikeStar, these systems have the capability to project power to any point onthe earth and do
so withaminimal sensor-to-shooter time dday. As orbiting systems, these systems provide decision nmakers
a near cortinuous coverage of dl globd “hot spots.” In many respects, these systems paallel capabilities
provided by a gravity-bound StrikeStar.

Unlike SrikeStar, spacebased systiens ae epensive in reseach ard developnert, ard the space
environment provides opaatioral challenges. The budget dollars do not exist now and likely will not exist
in the future to fund the simultarecus developnent of spacebasedard StrikeStar UAV systens. But nore

important thanlack of morey is the waste inherent in simultarecusly devel oping systens that duplicae each

other’s capabilities without adding any appreciable value.9 For yeass, be Navy ard Air Force have dore

just this by developing very similar frortline fighters. Today, the services and Congress understand that this

pracice resudts in greatwaste ard that they canreduce tat waste by comparing spacebasedatack system

and UAV development now and determining which strategy will best provide needed capabilities by 2025.
Decision mekers must compare sacebased ard air-breahing systens ard determine which will

receve developnert funding. They nmust consider the capalhilities, limitations, and inplications of boh

systens ard form a conclusion as b which system or combination of sysiens povides the reeded war

fighting capability in 2025. Probably the geaed limitai ons of spacebasd systens are the cods associated

with trarsporting the vehicle romthe suface b eath’'s orbit, maintaining it (in orbit or onreturn), ard then

trarsporting it backto the suface. Another significart spacebasedsysemlimitaionis the citicality of the

vehicle(s) podtion or orbit. Spacebased systens camot curently loiter over a frget area sice abital

mecharics requre castant movement around the eath. Therefore, a sacebased system needs multiple

vehicles to provide constant coverage as well as the ability to position a vehicle when and where needed.
Decision mekers must dso corsider the sociopolitical implications of militarizing space. Somre argue

control of spaceis aralogous to catrol of air ard that this new frortier stoud be approacted in the sare
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manner the military approached airpower.10 But this new frortier is inheently different from the skies
overlying the eath’ s nations, ard sm@ce canot be divided up in segrerts as be internatioral community has
dore with airspace. In fact space & rapidly being estblished as annternaional donain for commercial
interests owned by a combinaton of nationstates aml caporat coglonmerats. Establishing space
doninance will becogly and threatening to an increasingly interdependent international conmunity. Placing
anoffensive-capab e plaformin space bhat continuowsly holds ary nation or group of individuals at risk will
undoubtedly be perceived as a direct threat to friendly or enemy nations.

A less treaering alternative for space s the ermancenert of curent military capabilities in the areas
of recannaissare, ravigation, ard canmunicaiors with concurrent developnert of spaceto-spaceweagmn
systens designed to protectou spacebasedasset. Also, challenges assaiated with projecing lethal ard
noretha force fom spaceto-surface &rgets nay be too difficut ard costy when compared with inner-
atmosphere systems with similar capabilities. Offensive and defensive spacebasedsystens ae essetial,
bu primarily for missiors that support space equirenerts ard rot for directatack aguinst inner-atmosphere
targets.

Probably the geatstlimitation of air-breahing UAVs compared b anequivalent spacebasedsystemis
the time dday required to nobilize and deploy it to a theater of opeatiors. StrikeStar is designed to deploy-
loiter-strike-loiter-redeploy from either CONUS or a forward base, bu due to fuel limitations, the time
requred o deploy and redeploy are cortingent onthe distance to the area of operations and this also directly
affect available loiter time. Becawse StrikeStar camot stay airbome indefinitely, it may require adranced
warning times or an increased number of vehicles to provide continuous coverage of the operations area.

Becawe of high cods to devebp, opemte, ard meintain spacebasd systens that might deliver lethal
force onthe eath's suface,the amed forces sbud tailor developnen of spacebased patforms  lethal
missiors that focus on spaceeny missiors ard rorletha missions suppotting eath-bound lethal weapon
systems. StrikeStar and anew generation of UAVs capable of ddivering lethal and roniethal force provide a
low cog, highly mobile platformthat will enable the US military and civilian authorities to project power to
any point onthe gobein minimal time and hold an area at risk for days at atime. StrikeStar is not a threat to
space, bt simply provides aneffecive capmbhility that when directed by air, land-based, or spacebased

command and control can reach out and touch enemies threatening our national interests throughout the world.
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Public Accountability

War is a human endeavor, fought by men and vonmen of courage The machines, the
technology hdp; but it is the individual's skill and ourage that makes the crucial
difference.

—General Gordon R. Sullivan
Army Focus 1994: Force XXI

The public will demand accantahility for lethal UAVs and their opeatiors and StrikeStar’s lethal
potertial requres asswances hat prevert inadvertert or unintertioral deah ard destruction to both friendly

and enemy troops.

Imposed Limitations

Restrictions must be placed onlethal UAVs becase d the potertial consequences of an accident or
malfunction Recen history has proven that the American pulic ard the internatioral community hold
individuals aml organizatiors accantalde for decsiors © use force. The cowning of two US helicopters
suppotting Operation Provide Confort in Northern Iraq and the subsequent loss of 24 lives provide a vivid
example of how the public will reactto lethal force “accdents” or “mistakes.” Today, accdent-or misiake-
justifications do not warrant death or destruction.

Even in war, use of legitimate lethal force will be questioned. Sodety has beconme nore sensitive to
deah ard destruction as he information age provides reakttime, world-evert reporting. Television presets
imagesard political commentary, probing ard demanding justficaion for using lethal force. The intent of
those inquiries is to deermine accantakility when events result in questioreble death or destruction. Also,
tecmology has legitimized precision warfare, ard “criminalized’ collateral deah ard destruction resuting
fromthe e d lethal force. The percedion exists anong many press ad public thatit is now possble to
prevent nearly all types of accidents and mistakes and only shoot the “bad guy.”

These prcegtiors dace Imits an wsing ary systemthat could ddiver lethal force. StrikeStar falls
within this caegory ard it is imperative that accantability be built into the system design and corcept of

operations.
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But how do we creat accantahility? First, a human must be involved in the processes that result in
lethal force delivery. Secand, redundarcy must be designed into the systemto ersue a person canexercise
control fromouside te cakpit. Third, the systemmust be resporsive to the dynamic ervironmert in which
it will opeate. Finaly, reliability must be designed into every StrikeStar system and subsystem to minimize
the possibility of inadvertent or unintentioral use of lethal force. In total, these measures place a bmanin the
decsion-making postionwhenenploying lethal force. Thus, whenanaccdet or mistake accus, a gerson,
not a machne, is resporsible ard accantadle. For claiming a swtemfailure, or “it just blew,” will not

suffice.

Man-in-the-Loop

Accountability is not well suited for anything other than a person When an aircraft crashes, the mishap
boad’s task is to find cawsal reasms for the cash Even when it becones apaent a kroken or
malfunctioning part contribued o the crash, the boad probes the processes involved in its prodiction,
installation ard even doaumertation Since processes a&r cieatd ard normally managed by people,
accountability is normally given to a person.

So humars nust beinvolved in the cecisiors hat could resdt in intentioral or unintertioral deah ard
destruction But humaninpu is not requiredin all phases bflight ard there ae various ways to keep a
personin the loopwithou puting a pilotin a coclpit. However, becase of the poertial corseqences of
mistakes or accidents, human input must be involved in target selection and weapons delivery decisions.

The manin the loop @n beattained throughnearly all of the potential controlling mecharisms available
now ard forecastinto the future. UAV control mecharisms included nanned, remotely piloted, sem+
autorormows (conbined RPV and progammed), autoronouws (programmed/drore), and fully adgptive
(artificial intelligence). StrikeStar cortrol mechanisms adlow for inflight human inpu, bu an autorormous
systempreprogammed to hit a prelaunch designated target or target area with minimum human intervertion
and not normally be changed in flight coud be used. Also, a fully adgptive UAV using artificial intelligence
could be programmed to mimic the decisions a pilot would make in reacting to environmental changes.

Althoughit can be slited to some missiors, a lethal UAV with autonamous or fully adaptive controls

pos sinificant accauntaklity problems. First, decisiors to target and strike are made withou regard to a
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rapidly charging ervirormert. For exanple, a bmahawk land atack missie (TLAM) might hit a command
pog even though, i the time since it was launched, a school bus full of children sopped rearby. An
auoronmous systemhas ro way of knowing curent or reattime informaton that may affect the cecision to
target ard stike. Secand, adoronous UAVs camot reactto internal malfunctions hat might affect their
ability to perform their prescribed missiors. A preprogrammed UAV told to ddiver its weaponwill do so
even thoughits targeting system has malfundioned and the result is a bonb droppel with unknavn accuacy.
The ret effectin both situatons is inadvertert or unintertioral ddivery of lethal force ard anaccantahility
guestion.

Obviously, 100 pecent reliability is not guaranteed even with a human in the decision maeking process,
bu 100 pecert accoutability must be attempted. The further a person gets away from lethal force
accantahlity, the easier the “fire” decisionis and the greater the probability that the wrorg target will be
hit. Asaresult of this tendency and the severity of the consequences, ou air-to-air rules of engagement favor
visual identification over system interrogation and identification A person must be kept in the loop when

using UAVs to deliver lethal force.

Redundancy

To keep nan in the loop am meintain this accouwmtaklity, we must ensure the corrol links are
suficiertly redundan. There are two poertial centers of gravity that, if intentiorelly or unintertionally
targeted, woud remove or degrade the man in the loop. First, the cortrol links are susceptible to MIJI
(meacaing, intrusion jamming, ard interfererce). In this case, he “lines” betweenthe UAV ard the
controller are sewered or degraded b a int where the UAV is basically atononouws. Secad, the cattroller
or the cortrollers’ C’l facilities are also susceptible to physical destruction, equipment melfunctiors, and
situational dis/misorientation In this case, the source of the signals or an intermediary relay (e.g., satellite)
woud bephysically incapad e of sering or trarsnitting control signals to the UAV. In either case the UAV
is without a man in the loop.

Controller backip systens needto be alde to deal with contingencies tat could threaen the UAV's
ability to accuately hit its designated target The SrikeStar stoud have triple redundarcy built into the

controlling system utilizing a ground source, airborne source, and an autoronouws backup mode  Shoud the
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UAYV deectaninterruption of controller signals, it could erter anautononous modeard atempt to recanect
to its pimary controller saurce. If unable © recanect it could seach for a pedesignated secadaty
controller input ard esgblish contactwith the backup cattroller. The final opion available if the UAV can
not regain corroller input woud beto follow the last known program or abort, depending on ts prelaunch

abort configuration.

Responsiveness

The StrikeStar system nmust be resporsive to a d/mamic ervironmert ard design must include fexble
C’l systens, C opeations, and UAV guidance and fire cortrol systems. It is imperative that alethal UAV be
ableto assesds ewironmert ard achpt to it accadingly. This requres eaktime daa ard assessert, high
speed daa transmission capability, flexible C* procedures, reliable cortroller capability, and a real-time
reprogramming capability.

An advantage of a manned aircraft is that the glot canmeke the lastsecad decsion to ddiver the
weapn, alort the delivery, or charge targets as e stuation dictates. At the lastsecad, a plot candetect
an unknown threat preventing him or her from reacling the target, ard has the alility to change targets when
the original target has moved. Sinply, a pilot has the ability to assess and reactto a environmert
characterized by fog and friction.

Lethal UAVs (and/or their cortrollers) must have the same ability to adgpt to an unanticipated or
dynamic ervironmert. They must be ale to discen the ewironment, consider the treat (in costberefit
terms), corfirm the intended target, and have the ability to ddiver, abort, or change to a new target. The
consequences of not having this ability relegates the UAV to an autoronous system and raises accauntahlity
guestors in the evert of an unintertioral or inadvertert ddivery. Reaktime information ard catrol is

essential to protecting our accountability in lethal UAVs.

Reliability

The UAV and its many subsystems must have a high opeatioral rdiability rate to prevent accdental

destruction and collateral damage. Unlike nonlethd UAVs, unnanned systems carrying lethal nunitions
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could have destructive efect in anaccdent or systens—elated malfunction Lethal UAVs must have a higher
reliability corfidence level than a manned system becase UAV system malfunction effecs caild prove to be

more disastrous.

Summary

StrikeStar as well as other systems that ddiver lethal force will be scrutinized when accidents cccur,
especially those that result in unintentioral or inadvertent loss of life or treasure. The public will demand
accantahility for lethal UAVs and their operatiors. Therefore, design, development, and employment of the
StrikeStar must integrate the caoxcep of accantaklity. Humans nust remain in the command and cortrol
loop, ad the internal and external systems and links must be robuwst enough b keep that loop intact. The

sociopolitical implications are too high to ignore these facts.

Conclusion

Althoughthe StrikeStar concept can be proven to meet an opeaatioral need, is technically feasible, and
fitsinto asound concept of opeationrs, it may go the way of previous UAV corncepts. Forces exist today that
coud slow or deny the developnent of alethal UAV for use in 2025. Mog prevalent are the historical bias
for manned aircraft over UAVs, budget campeition beweenspace avelopnert ard the UAV progans, ard,
finally, the public pressue that increasingly requires accantahility when things go wrong. These forces

need to be understood and met openly as we start developing a StrikeStar.
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Chapter 5

StrikeStar Technology

The system was so swift that human bangs simply could na hande the target volume
withou extensive autormeted suppott, and the system was designed to fight on full
autorretic, relying an its hurman mesters for key decisions, for overall guidance, for setting
or revising priorities, and for defining opeatioral paameters. Technically, this nog
potent warfare machine ever built had the capability to carry on the fight indefinitely.

—Ralph Peters
The War in 2020

The war machine described aboveisfiction bu the technology is within ou grasp to meke it a reality.
Inthe past, UAV systems have been plagued with reliability problems or by design flaws (see appendix A).1
Recettly, the joint tacical UAV Hunter was caceled de © catinuing reliability problems.2 Current efforts
are prodwing mature technology that improves overal reliability and functiorality. The first DOD UAV
master plan was prodiced to consolidae requirements and integrate efforts across al DOD ggenci es.3 The

Globd Hawk ard DarkStar UAVs are exelent exanples d how quickly UAV systens echology is

advancing.Table 1 provides a summary of US UAV characteristics from a system capabilities perspective.
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Table 1

US UAVs, System Characteristics

Characteristic Maneuver Interim Joint ~ Joint Tactical MAE CHAE UAV  LOHAE UAV
UAV Tactical Hunter Predator Global Hawk DarkStar Tier
Pioneer Tier Il Plus Il Minus
Max Altitude (ft) 13000 15,000 25,000 25,000 >65,000 45,000
Endurance (hrs) 3 5 12 > 24 > 24 >8
Rad. Action (nm) 27 100 >108 500 3000 > 500
Max Speed (kts) TDB 110 106 129 > 345 > 250
Cruise Speed <90 65 >90 110 345 > 250
Loiter Speed 60-75 65 <90 70-75 340 > 250
Payload Wgt(Ibs) 50 100 196 450 2,140 1287
Max Wgt 200 429 1700 1873 24,000 8,600
Navigation GPS GPS GPS GPS/INS GPS/INS GPS/INS

Source:Unmanned Aerial Vehicte Defense Airborne Reconnaissance Office Annual Réashington,
D.C., August 1995).

This family of UAVs captalized onpast accamplishmerts ard strted the ewlutionary processof

adapting technologes proven in manned aircraft to UAV plaforms. Other cauntries ae ako involved in

UAYV technology and have recognized the roles UAV will have on future battlefields (see appeadix B).4
Trends indicate a wide range of anticipated technologies will suppott the StrikeStar concept and provide
platform robusting. Some include:

. airframe technology

. avionics systems

. propulsion technology

. Weapon systems
communications systems

. mission control equipment

. launch and recovery equipment

NoOUOAWNER

Sensor technologesare not critical to the canstruction ard design of StrikeStar, bu are ciitical to its
opegation We expectrecanaissaie efforts for both manned ard unmamed aircraft ard space patforms

will continue to advance. StrikeStar will rely on other platforms for target idertification, but coud have the
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capacity to cary recanaissage sesors sing moduar payload approactes. This concept does not advocae
combining expensive recanaissace sesors a the sare platform carying a lethal payload, since seprating
sensors from the weapon platform lowers costs and lessens the risk of sensor loss.

The technolog es noted above have to support the system characteristics shown in table 2 to ascertain
current capabilities and identify enabling technologies that support the StrikeStar concept. Our baseline for
the sytem characeristics is based ona nelding of the Qobd Hawk ard DarkStar peformance atribues.
The range and loiter improvements allow us to ovarcome the basing and resporse corstraints mentiored in
chapter 2. Adding stealth characteristics to a Globd Hawk-size UAV reduces vulnerability and allows
covert opeaation Improved payload capecity alows the ability to carry boh more and varied weapors. The
ervisiored altitude improvements alow for airspace @catfliction sef defense, ard weapn range ard

dispersion performance.

Table 2

StrikeStar System Characteristics

Characteristic StrikeStar

Wingspan (ft) 105
Max Altitude (ft) >80,000
Endurance (hrs) > 40

Rad. action (nm)

3700 w/24 hr loiter

Max Speed (kts) > 400
Cruise Speed (kts) 400
Loiter Speed (kts) 400
Payload Wgt (Ibs) 4000

Max Wat (Ibs) 24,000
Navigation GPS/INS
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Airframe Technology

Past UAV systems have used bot fixed and rotary wing configuration. Rotary wing systems overconme
many of the problems associated with launch and recovery, and opimize sensory payload opeatiors. The
Sikorsky Cypher provides a ecen, swccesstl demorstration of rotary wing tech10|og,/.5 Unfortunately, most

rotary wing systems have limited range and endurance capabilities. Mogt UAVs fall into the fixed wing

category including all those currently in-service Worldw(?de.

Typical low peformance fixed wing systems employ rear-mounted pusher propdlers, such & the
Predator UAV, or tractor propdlers. Systems have single or twin tail boons and rely ontheir relative small
radar cross sectionand low noise generationto avoid deection The Hunter platform shown infigure 5-1isa

prime example of a UAV using push-pull engine technology on a twin boom airframe.

Figure 5-1. Twin-Boom Hunter UAV
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Designs to dae have focused onusing existing manned arframe conporents or designs to ninimize cost
or prodiwce opeaatioral platforms quickly. These systems suppoit noderate payloads over various ranges
despite known aeilodynamic deficiercies. The advent of the DarkStar platform demorstrates aninnovaive
approach to improve bot aerodynami ¢ efficiency, payload suppott, and opeatioral radius.7 DarkStar's use
of a jet engine cowpled with a conposte flying wing structure will improve aerodynamic efficiencies and
significantly decrease the radar cross section.

As currently designed, the DarkStar UAV corsists of an internal payload bay capable of suppotting a
sensor payload which can be swapped in the field. The current payload capacity and platform corfiguration
does nat allow DarkStar to fundion as an efficient strike platform.  Skunkworks designa's are continuing
evolutionary improvements on the DarkStar platform. Their conceptual design in figure 5-2 provides a look
atatwin ergine plaform capabe of increased ange, speed ard payload capacity that has the potertial to

function as a UAV strike platformThis design could serve as the basis for future StrikeStar developments.

Figure 5-2. Notional StrikeStar

StrikeStar designers could captalize on DarkStar payload swapping tecmiques as wll as nternal

weapon carriage technology used for the 117 axd F22 drframes. Future generatiors of StrikeStar
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airframes woud rely on larger payload bays and wider use of conposte neterials to improve payload
capacity and stealthiness withou increasing total weight. We articipae that stealth technologies will mature

to the point that cloaking or masking devices coud be used o prevent deection or the employment of

. 8
effective countermeasures.

On-Board Control Systems

The aviorics system woud suppot two nodes of platform opeationt command-directed and
autorormouws.  In command-directed opeation the StrikeStar opeaator wodd transmit the desired drike
mission way points, cruising speed, and flight atitude to the StrikeStar flight control system to perform
normal flight opeatiors. Preprogammed opeations woud be possible if al known way points were
entered prior to amission Default preprogrammed opeations woud conmence if uplink communications
were lostard not recovered within a wser-selecalle time frane. Defaults could include ertering predanned
holding paterns or initiating preplanned egress manewers as deermined by the onboard Virtual Pilot
system described later.

The avbrics system woud be baed on corceps enbodied in the Pave Pace integrated aviorics
architecure. Pave Paceis a caxep that uses a émily of moddar digital bulding blocks to prodwce
tailorable avionics packages. Using this approachon the SrikeStar wodd alow for future growth ard
allows the UAV aviorics b mirror manned plaform comporerts withou adding additional avionics
maintenance requrenents. A notioral avionics sptem based on the Pave Pace integrated avionics
architecture is shown in figure 5-3.

The StrikeStar flight control sysem woud rely on an integrated system consisting of a dobd
postioning system (GPS) recever, aninertial navigation system (INS), auopilot, ard variows sersing ard
cortrol functiors. SrikeStar navigationwoud rely onGPS precision“P’ code daa. Eventualy, as potential
enemies develop GPS jamming capabilities to prevent GPS use in target areas, an INS coud provide
redundarcy ard allow limited auoronous opeation in the evert GPS countermeasuies ae ercountered

Other UAVs coud aso be used to broadcast high power, synchrornous broadband satellit e signals over target

9
areas to counter GPS countermeasures.

38



HF
VIRTUAL .| COMMUNICATIONS | SAT
PILOT il SYSTEM
LASER
A A
Y Y
100 300 MBS SYSTEM INTECONNECT
A A A
Y
Y
GPS/INS
> STORES
F"'GgSCT(éR'ATROL MANAGEMENT
SYSTEM
ANALOG >
SENSORS A A
Y Y
VEHICLE ENGINE
WEAPONS
CONTROL SENSORS PAYLOAD
-PGMS
-ALCM
-MMD

Figure 5-3. StrikeStar Notional Avionics

GPS locaton daa could be trarsnitted to the catrol sttion at all times exepg in atononous or
preprogrammed opeaation Conporents prodiwced in the Tri-Service Embedded GPS/Inertial Navigation
System (EGI) Progam, which integrates @°S into the fighter cockpit for beter navigation ard weapn
guidance, could be adapted for use in Strikestar. ™ In addition to GPS daa, SrikeStar woud transmit
altitude, airspeed, attitudend direction to control station operators as requested.

The Virtual Pilot provides StrikeStar with a conputational capability far exceedng curent airbome
central computer processing capabilities. Virtual Pilot woud corsist of an artificial intelligence engine
relying onamassively paallel opical processing array to perform a wide range of pilot functions during al
opeational modes. In addition, the Virtual Pilot coud peaform self-diagnodtic functions during al pheses,
flight operation phasesard maintenance clecks. An artfratricide sptemwoud reside in the Mirtual Flot to
ersue that combat idertificaion of friendly forces & accamplished before weapn release. This woud

provide an additioral fail-sak to ary batlefield anareress sgtens presen in the target area ard allow
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limited extension of a battlefield conmbat identification to future dlies opeating with US forces. StrikeStar
woud also be capale of interrogating ard classfying idenificaion friend or foe tarsporder-equipped

platforms to facilitate use of that data in air-to-air engagements and identify potential airborne threats.

Propulsion System

Many curent UAV systens are basedon inefficiert, propdler-driven airframes powered byinternal
combustion engines, relying on highly volatile aviation gasoline, which causes military forces significant
safety and logstics issues. Propdler improvements are progressing, bu the desire for stealthy platforms
stees many designers away fromthese sgtens with the exepion of the Rredator. Gas wrbine emjines have

beendamorstrated fr rotary wing applicaiors ard the use of jet ergines has beenwiddy demorstrated ard

proven highly effecive in cambat operatiorrs.11 Significant reseach has beenconducted on electically

powered phforms tat rely on expendalde ard reclargeable bateries. Recently, fuel cell applicaion

reseach increased as ewderced bydemorstratiors of the sdar rechargeabie Pathfinder.12 Unfortunaely
batery ard fuel cel systens exibit low power ard erergy densities relative to hydrocabonfuels. For that
reason, internal combustion engines will cortinue to be the mainstay for less sophisticated UAV propusion
systems.

Jetergine design is a rade-off beweenairflow ard fuel to maximize peformance. Egine designers
either erarge the size of ergine intake to increase aflow or provide nore fuel to the jet ergine combustion
chanbers to prodwce te desired propusion characernistics. Since nost jet ergines rely on convertional
fuels, designers increased ritake size to maximize fuel efficiercy ard improve range ard erdurance.
However, increasing UAV intake size is not desirable since this impacs the steath characeristics ard
overadl aeodynamic eficiercies d small airframes. Exotic or alternaive fuels hold much promise for
powering future aircraft ard exensive reseach has beenconducted on potertial new aircraft fuels. Table 3

provides some potential aircraft fuel characteristics.
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Table 3

Fuel Characteristics

Fuel Btu/lb Btu/cu ft Ibs/cu ft Btu/lb of fuel
JP 18,590 940,000 50.5 0.47
Hydrogen 51,500 222,000 4.3 3.20
Methane 21,500 570,000 26.5 0.49
Propane 19,940 720,000 36.1 0.65
Methanol 8,640 426,000 49.4 0.60
Boron 30,000 1,188,000 39.6 0.57
JP from coal 18,830 996,000 53.0 0.47

Source: Senate, Hearings before the Subcommittee on Aerospace Technology
and National Needs of the Committee on Aeronautical and Space Sciences,
94th Congress, 2nd sess., 27-28 September 1976.

Exotic fuels have beenused br manned platforms in the past, bu orly in isolated cases bcase d the
risks assoiated with them Riskto man is minimized on UAV platforms excefd during launch ard recovery
cycles, and while storage of exotic fuels remains a concern, storage technology is improving. Stll, exotic
fuels represent a viable opton for improving enthalpy on UAV platforms. Hydrogen-based fuels provide
significart increasesn erergy density over convertioral hydrocabonfuels, ard sichfuels could be widdy

employed in UAVs by 2025 f current research advances cortinue and a natiorwide manufacturing and

distribution network emerges.

Weapon Systems

Weamrs with curent, precisionguided-munitions claraceristics, new norieta weapnrs, ard
directed-energy weapors coud provide StrikeStar with the capability to strike at al levels of corflict from
military opeations other than war to full-scale war. The key to prodwcing a StrikeStar that can hold the

enemy at risk is to deploy weapon systems that have all-weather and extremely precise aimpoint capabilities.
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Precision-guided munitiors are widdy acceped as @émonstrated duing the Rersian Gulf War. The
family of Launch and Leave Low-level Guided Bornbs (LLLGB), Maverick, and homing anti-radiation
missies HARM) all represemn curent weamrns hat cauld be integrated into a UAV strike plaform.
Unfortunately, these weapors lack range and poorweather capability. New all-w eather seekers are needed

to provide desired batlefield dominance. New studies to prodiwce long-range hypersoric PGMs are aso

undemway, which if enployed ona SrikeStar could significarlly exend the weamn enployment zone.13

Efforts underway on the shoud prodwe weapors techndogy that nat orly discriminates againg ground

targets, but operates in adverse weather condit%‘ns.

Stores nanagement systens (SMS) used in moden atack aircraft could be integrated into UAV
aviorics @ckages b provideregured weapn control ard releasefunctions. Tight coupling betweensersor
platforms, the Virtual Pilot ard SMS could allow for atononous weapn sekcion aming , ard release
withou opeator intervertion under cettain scemrios. Unfortunately, the weight ard large size of curent
PGMs and limited functionality of current SMS suites could limit conventional weapon employment.

Recen devebprrerts on an erhanced 1,000pownd warhead poved hat blag peformance of 2,000-

pound MK-84 is obti nable.15 Improved explosvesare aneralding tecmology that woud reduce weapmn
size withou deceashg blast peformance. Guidarce aml warhead mprovements ewisiored in the
Miniaturized Munitions Techndogy Demondration (MMTD) effort could prodwce a new class of
corvertioral weapors. The MMTD god is to prodwe a 250poud dass munition effective against a
majority of hardened targets previously vunerable only to 2,000pound dass nunitiorrs..16 A differential
GPS/INS system will beintegral to the MMTD munition to provide precision guidance, and smart fusing
techniques will aid in prodicing a high probability of target kill. T he kinetic energy gained by releasing these
weapors at meximum StrikeStar dtitudes woud dso help improve explodve yield. Improving bonb
accuacy, focwsing on lethality, ard providing an all-weater camhbility are al technology gods which,
when coupled with a SrikeStar platform, cauld prodiwce a potert strike plaform. MMTD advanceswoud
significantly improve weapors loading an StrikeStar. Unfortunaely, conventioral explosves techndogy has
the imitaionthat orce al weaprs ae eyended the UAV must return to basefor replerishmert. However,

StrikeStar directed energy weapons would allow more strikes and reduce replenishment needs.
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Direced erergy weamn (DEW) technology is undergoing rapid adrances as emorstrated onthe

Airbome Laser program. The god to prodice alaser capable of 200 frings at a cost of less than $1,000per

shotis redlizable in the near future.17 The ability for rgpid targeting, tracking, and firing of a UAV-mounted
DEW coud deny enemy forces the ability to maneuver on ground and in the air. If initiated now, expanded
reseach efforts cald prodwce a sraller, more lethal, direcedenergy weapn sutalde for a SrikeStar
platform in 2025.

Capabilities in present air-to-air weapors provide a level of autoronous opeatiors, which if
enployed onStrikeStar cauld revolutionze offensive aml defensive caunter air opaatiors. A StrikeStar
loaced with both air-to-ground ard air-to-air missies could be capbe of simultareaus stike ard sef-
defense.  Additioral survivability codd be provided by using towed decoys cued by off-board sensors.
Advanced medium range air to air missile (AMRAAM) and ar intercept missile (AIM-9) weapors are
proven teclmologes atead/ compaible with sbres nanagement systens that could be enployed on
StrikeStar. Internal cariage aml weamn release 6 these nssies from a SrikeStar could rely on
experiences gained in the F-22 progam. Eventually, a new class of air-to-air missiles coud be developed
which are significantly smaller and more lethal to allow additiomehpon loading.

Nonlethal weapors aso present some unique possibilities for wse on the StrikeStar.  Norlethal
weapons are defined as:

discimnate weapns tat are eylicitly designed ard enployed so as to incapacitate
personnel or material, while maintaining facilities.

Nonlethal weapors that disorient, temporarily blind, or render hogtile forces or equipment impotert, provide
alternative means for neutralizing future opporents without increasing the political risk death and destruction
canbri ng.19 Employing these weapors from StrikeStar platforms coud be used in prehodility stages to
demorstrate resdve ard the doninart presece d orbiting weapn plaforms with instartaneous stike

capabilities.
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Communications Systems

“What the warrior needs: a fused eaktime, tue represetetion of the Warrior's batle s@mce—analbility
to order, respord, and coordinate horizortally and vertically to the degree necessary to prosecute his mission
in that batle space’ 20 To provide continuous batlefield domnarce, nformation domnarce is critical for
StrikeStar opeations. Battlesmce avareress as anisiored wnder the C*l for the Warrior Program will
provide the information infrastucture required or command ard cattrol (C?) of the SrikeStar plaforms.
UAV communi catiors systems function 1 provide a communicatiors path, or daa link, between the platform
and the UAV cortrol station, and to provide a path to pass sensor data. The god of the C* systemis to have
the head of the pilot in the cockpit, but not his b%ldy.

StrikeStar communications woud provide a reliable condut for status information to be passed ona
downlink and control data to be passed on the upgink in hostile dectronic environments. The upink and
downlink data streams woud beconmon daalinks interoperable with existing C* datalinks to nmaximize data
excharge beweensersors, platforms, ard their users. Status ard cantrol informaton woud be continually
trarsferred beween StrikeStar ard its catroller in all cases eceg duing auoronous opeation or
implementing preprogammed flight opeations. The deta link woud reed o beimpervious to jamming, or
even loss d cotrol, to ersue weamn sysem integrity. User-selecabe, spead spectum, secue
conmunicatiors in al transmission ranges woud provide redundancy, diversity, and low detection and
intercept probability. Both beyord line-of-sight and line-of-sight communications methods woud be

. . . 2
supported to a variety of control stations operating from aerospace, land, and sea p%atforms.

Command and cortrol of UAVs via satellite links has been demonstrated to be highly reliable”> The
MILSTAR constellation or its follow-on cauld sewe as e pimary C? communications nework for
StrikeStar platforms. MILSTAR's narrow-beam antennas coupled with broad-band frequency hopping
provides isolation from jammers and a very low probability of daection.24 The Defense Satellite
Communications System (DSCS) condellation and Globd High-Frequency Network could provide aternate
paths for comectivity and redundancy depending on mission profiles. The vast HF network provides nearly
instantaneous coverage and redundancy under adverse environmental conditiors (fig. 5-4).25 High-Frequency

can provide commanders with useful, flexible, and resporsive communications while reducing the demand on
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overburdened satellite s,ystems.26 The cortinued proliferation of commercial satellite networks may alow
StrikeStar plafforms © eploit these etworks as vabe communicaiors pahs as bng as G integrity of on

board weapons is assured.

Figure 5-4. Global HF Network Coverage

StrikeStar woud rely onother platforms, like Predator, DarkStar, Globd Hawk or ground, airbome, or
space ecaraissace, b deect ard locak potertial targets. The SrikeStar could teamwith ary or a
conbination d al these assets to produce alethal huner-killer team. Once geolocated, the target coordinates
woud be passed & StrikeStar along with necessar amming ard releasedda to ersue swcessfl weapn
launch when opeating in command-directed mode In autonamous mode StrikeStar would fundion like
current cruise missiles, bu alow for inflight retargeting, mission abort, or restrike capabilities.
Communications for coopeative engagements with other recomaissance platforms require minimum
bandwidth betweenStrikeStar ard its cattrol stton since te targeting platforms alread/ provide the large

bandwidth necessary for sensor payloads.



As with any C' system, we arnticipate StrikeStar’s requirements woud grow as mission capabilities and
payloads mature. It is possible StrikeStar follow-ors coud be required to integrate limited sensing and
strike payloadsinto ore platform, thus significantly increasing datalink requirements. Inthis event, wideband
laser daa links coud be used to provide daa rates greater than 1 gigabit per s;ecorx:i.z7 In addition, a
moduar payload capability coudd dlow StrikeStar platform to carry multimission payloads such as

wideband communications relay equipment to provide vitdhs to projected forcezss.

Mission Control Equipment

As mentioned, StrikeStar will be cortrollable from a multitude of cortrol stations through he conmon
daa link use. Cortrol staions could be based onaeogpace, gound, or sea paforms depending on the
enployment scemrio. A control station hierarchy could be implernerted depending on the enploying force’s
compodtionard the rumber of StrikeStars under control.  The StrikeStar c? hierarchy ard cattrol equipmert
woud dlow transfer of opeator cortrol to provide C* redundancy. Current efforts by DARO have
established a common st of standards and design rules for ground $ation529 This same €ffort needs to be
accomplished for aerospace and sea based control stations.

Significan efforts to miniaturize the catrol statiors wodd be needed b alow quick deployment ard
minimum opeator support through &l conflict phases. Man-machine interfaces voud be opimized b
present StrikeStar opeators the ability to sense and feel as if they were on the platforms peforming the
mission Optimally, StrikeStar control could be accamplished froma wide variety of locatons ranging from
mobile ground units to existing hardened facilities. The various cortrol stations woud be capable of

selectively controlling StrikeStars based on apriori knowledgelatform G and identification procedures.

Launch and Recovery Equipment

Launch ard recovery are the nost difficut UAV opeations ard ar the geaest facors inhibiting

wider acceman(:e.3 0 A variety of launch and recovery systems are used worldwide Launchers range from

simple hand launchers to saphisticaied ocketasssted Bke-off systens (fig. 5-5). Recovery systens range
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from contolled crash landings to standard runway landings StrikeStar would launch and recover like
manned arcraft, and carrier-based opeatiors coud be comsidered as another viable option b improve

loiter times and mission flexibility.

Figure 5-5. Rocket-Assisted Hunter UAV Launch

The goal for StrikeStar launch and recovery would be autonamouslaunch and recovery via an enhanced
landing gystem (ELS), dthough t could opeate with the current instrument landing system (ILS) and
microwave landing system (MLS) equipmert under opeator control. ILS is prore © multipah propagation
ard MLS is siscepiible D terrain variators ard the resege d neaby objecs; thus boh woud not be
accepable for truy adononouws recovery of StrikeStar platforms.31 The ELS woud overcome these
deficiencies by usng GPS, high resolution ground napping echniques, and opica sendng  land withou
operator control.

Technologes to support the StrikeStar do rot appear to represent significant challenges. In nog cases
proven technologies can be expected to evolve to alevel that will overcome all hurdles by the year 2025.
Determining the dodrinal and opeatioral changes required to integrate a StrikeStar capability presents more
significart challenges, consideling the aversion ou sewice tas rad with UAVs in the past 32 Techndogy

for StrikeStar is evolutionary where as organizational acceptance and employment will be revolutionary.
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Chapter 6

StrikeStar Concept of Operations

We're getting into UAVs in a big way. We understand they have enormous potential.
—General Joseph W. Ralston
The pupos of the StrikeStar concept of opeatiors is to ddine the opeatioral application of the
StrikeStar by highlighting system advantages, defining future roles and missions, and illustrating

interrelationships between intelligence, command and contfpltt@ weapon, and the war fighter.

The Dawn of a New Era for Airpower

Historically, America tas teld expectitiors for airpower justbeyord the limits d available technology,
ard now a rew natioral expectitionis energing. Today, airpower applicaionis expeced to equate to cost
effecive, pecise,ard Iow—riskvictory.1 Thes inexorable expecatiors codd be a ealty in 2025 becase a
StrikeStar could hold stategic, opeatioral, ard tacical targets atrisk with relative immunity to ereny
defenses. This platform coudd opeate in high risk or politically sensitive environments, performits mission,
and returnto fly and fight again. The StrikeStar woud enable the United States military to meet the natiorel
expectations and the threats of a changing world.

Underpinning the StrikeStar concept is the platformis ability to ddiver increased conmba capability
with reductions in vunerability and opeating cost. The StrikeStar’s 8,000 rutical mile conba radius
woud have the poential to keep vunerable logstics and maintenance suppott far from hodtile areas. Also,

dramatic savings woud be possible in opeatiors, meintenance, pesomel, and deployment cods.
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Logstically the SrikeStar could behandled like a cruise—missie; stredin awarehouse until needed ard

then pdled ou for acorflict. The poential savings ove conventioral aircraft coud range from40 pecent to

as mchas & percert.2 Training coud be conducted using computer simulation with actual intelligence,
surveillance, and recomaissance inpus. While potential savings are impressive, the mogt attractive aspects
of this platform and its suppotting elements are the capabilities the StrikeStar System coud ddiver to
tomorrow’s commanders in chief (CINCs):

1. The StrikeStar coud be corfigured to paform a variety of missiors as diverse as
surveillance to the delivery gbrecision weapons.

2. Openmting altitudes cailld meke it a tue all-weabher platform camhbe of remaining on
station regardless ddirea of operations (AO) weather.

3. Battlesmace presege: depending on the weapnrs caried, a tandful of StrikeStars
could equate to continuous coverage of the AO.

4. Power projecion StrikeStar opeations reed ot compet for ramp space with other
theater assets. The comba radius wodd normelly facilitate operations from coastal
Cortinental United States locations or strategically located staging bases to improve loiter
time (fig. 6-1).

5. Such an aircraft could acceératt he ANC's Obsere, Qient, Decide Act loop
(OODA Loop) with immediate battle damage assessment (BDA) and restrike capability.

6. The employment concept of opeations coud shorten the chain of conmand, simplifying
accountability and improving operations security.

7. A SrikeStar could erade a ANC to opeate in environmerts where casualties,
prisoners of war, or overt United State military presence are politically unacceptable.

8. A StrikeStar and its supporting systems coud be tailored to have utility across the
across the spectrum of conflict.

9. A StrikeStar in a combat environmeotuld “buy back” battlespace erxibiIit3y.
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Figure 6-1. StrikeStar Coverage

Roles and Missions

Aerospacepower roles and missions in 2025 ae difficult to predict, yet we know they will be tied to
the reture of future canflict. Deset Storm has been toued bymany as he first modean war ard a clear
indicator of the nature of future corflict. Others bdieve that the corflict was not the beginning of anew erain
warfare hut the erdl of ore, pehaps the lastartiert war.4 Interms d posng aenospace brces br the future,
it is imperative we look for discortinuities in the nature of future war as well as commorslties to past
corflicts. It is afact that our future roles and mission will be a reflection of our technological capabilities
ard mostsignificart cerers of gravity as well as hose o our erem'es.5 Itis sak to saythe missiors hat are

the most challenging today will be the core requirements of aerospacefuonerow.
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The StrikeStar camplements the curent understarding of air roles aml missiors aml cauld provide a
tecnologcal bridge to accanplish future roles aml missiors. The dafform’'s nost natural applicaions
woud bein aeogace catrol ard force aplicaionroles; however, plamed versatlity aso mekes it a force
multiplier ard a brce erh\ancer.6 A payload ard communicaiors paclage swap could erale a StrikeStar to
perform electonic carbat decefion or recanaissage nissiors. A StrrikeStar could actas a strd-alore
weapnrns daform or it cauld multiply combat effeciveress ly working in conjunction with other air ard
space asset StrikeStar's utility in the performing any future missiors woud be limited orly by its conba
payload capecity and this limitation will be offset by revolutions in weapors technology that include light-

weight, high-explosve, and directed-energy technd ogy.7 Yet, evenby today’'s sardards aStrikeStar could

match the damed payload capacity of the Jant Strike Fighter (JSF).8 Revolutiors in convertioral warfare
will be driven by rapidly developing technologies of informetion processing, stealth, and long-range
precision strike weapon;.9 A StrikeStar’s relative invulnerability, endurance, and lethality woud force
redefinition of roles and missions and revolutionary doctrinal innovation for airpower employment.

For cenurieswar fighters labored to find the weapn that gave them a panoptic effect on the hettle
ﬁeld.10 The inherent flexibility and lethality of airpower provided us with great gains toward this long-
soughtgoal. However, limitations in techndogy, drframes, and the naioral puse have led to a less than
ubigutous presee over intendedareasof opeaations. A StrikeStar cauld be the candut to acheving this
god. The “kill boxes’ of Desert Storm woud give way to 24-hour “air occupation’ of the AO. Airpower
thearist Col Jdhn Wardensttes tatthe primary requirenerts of anair occypaion plattormin the future are
stealth, long endurance, and precis%n.

Notorly cauld a SrikeStar hold the ereny atrisk it cauld prodwce wparalleled psychologcal effecs
throughshock and surprise. In the words of Gen Rondd Fogleman, Chief of Staff, United States Air Force,
“So, fromthe sky in the aeospace redium, we will be able to corverge on a multitude of targets. The
impact will be the classic way you win battles—with shock and surprise.”12 A StrikeStar coud produwce
physical and psychological shock by doninating te fourth dimension—time.*> Future CINCs could control
the conmba tempo at every level. Imagine the potential effect on enemies who will be unable to predict

where the next blow will fall and may be powerless to defend against it.
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The possibilities for joint force conba applications of this system are enormows. A StrikeStar coud be
a mutiplier used b increase le #ther of naval fleet opeatiors a as a sike platform with marine
expeditiorary applicaiors. It cauld be used as ahigh-value asset(HVA) escat or in combat air parol
(CAP), allowing asset normally tasked for these oles D be retasked for other missiors. An exanple of a
StrikeStar force enhancement capability is its poential use in tactical decefion A possble enployment
scerro cald include a %ikeStar releasig air-lauched decys ove anarea d swspeced sufaceto-air
missies, ard asereny radas come online b trackthe aproacling decqs, the SrikeStar woud destroy
them.14 It coud then follow the strike package of F-22sor JSFs, loiter over the battle area, and perform near

real-time restrike as directed.

Concepts of Employment

Inthis secton, conceps of enployment desciibe the achitecure required b enploy the SrikeStar ard
detail the caxcept of opeations in two notioral operating modes. The final areascovered are critical tasks

and weapons employment.

The System Architecture

The SrikeStar is inextrically linked to recanaissaice anl canmand ard catrol systens. The sysem
architecture depicted in figure 6-2 illustrates how a StrikeSter is tied and integrated into the larger battle
spacesystens. Keepin mind that it is the etire architecure, or the sytem of systens, which erabdes
mission accafnolishmert.15 The SrikeStar is a rlatively dumb system it cariesfew sersors, ard it is not
designed for a geatdealof humaninterface. he viahlity of the StrikeStar concept in 2025 d@ends on its

ability to plug into the existing battlespace dominance and roBust C

54



GRS MILSTAR MILSTAR

Sa_ g@ﬁ}( %W

Release
Consent
StrikeSta
Target
Geolocaion
Directed
Enrergy
Weapon
A==t Aerid Reconndsance
Vehicle
UAV
== Enemy HQ/ Control
Command Post
}4 3700 nm >

Figure 6-2. StrikeStar C? Architecture

Former Vice Chairman of the Jant Chiefs of Staff Admiral Owerls predction that the Lhited Sates
military will enjoy dominant batlefield awareness by 2010is a prerequisite to this corr:ept16 Dominant
batlegpace avareress in 2025 nusst include rearreaktime situaioral awareress, precise knowledge of the
ereny, ard weans awilable © afectthe eraarry.17 This intelligence must be conprehensive, cortinuods,
fused ard provide a cetailed batlesmce pcture. The intelligence-gathering net will utilize dl available
inpus from aeogace assset boh manned ard unmamed sersxsors.18 The StrikeStar woud rely on this
integrated informationfor enployment, queung, ard targeting. A StrikeStar in this architecure adis value
sinceit eraldes anaenspace patform to provide domnating maneuver with lethal ard precise frepower in
a previoudy undtai nable contnuumof time. A pictorial representation of this concept is presented in figure

6-3.
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Conmand and cortrol capabilities in 2025 ae the ddining dement in the StrikeStar corcept. A
StrikeStar woud need o be fully integrated into a canmon C* elerrert that menages al asgecs of the air
batle in 2025™° A StrikeStar placesseweral unique cemands o the cammand ard cattrol elerert. C
persomel woud employ a StrikeStar by noni nating targets, puling down required intelligence, and selecting
the datform ard weapn to be used agninst them The canmand elenert cauld then command weaprs
releaseor tie the StrikeStar directy to an AO sersor in an atononmouws mode In the adonomous mode
intelligence is collected, sorted, and analyzed and then forwarded to a StrikeStar postioned to attack
immediately a frget by-passig the G elenert (s;enscr-to-sh)oter).20 To reduce vunerability of the
command center and StrikeStar, data-link emissions should be held to a minimum.

The type and location of the conmand center used in 2025 will depend on the nature of the corflict.
Missions of the mogt sensitive nature, dandestine opeations, or retaliatory strikes are best served by ashort

ard secue chain of command. Therefore, tese &ikeStar applicaiorns woud be best sewed by a directlink
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to the datform from a canmand certer locaed in the hub of political power. Smilarly, if a SrikeStar is
utilized in extremely hodile theaters, a command and cortrol center located far from hodilities is mogt
advantageaus. In low-intensity conflicts, peace efiorcenert, or donestc wban applicaions, the C center
could be moved to the vicinity of the coflict as a mbile ground seion an airbome plaform, or evena

space-based station.

Autonomous Strike Mission

The strike mission highlights the utility of a poentially autonomous mode of opaation This operating
mode coud free conmand and cortrol center persomel to nmenage other assets. In the strike node a
StrikeStar woud captalize an the principles d simplicity, suprise, offensive, ard objecive.21 The
following details an autonomous strike mission (fig. 6-4).

Ground gperations. A StrikeStar is tasked fom Cortinertal United States or a forward opeating
locaton to stike specific AO target(s). Mission specifics including target coordinates, ime-on-target,
takeoff time, ard abort criteria are loadced drecty into the arcraft computer via a gysical link from the
missionplanning wnputers. (The use of groundcrew personnd is possible, however this optionintrodwces
potential for human error).

Launch. StrikeStar performs premission diagiosic checks, starts, ard taxis © meet its designated
takeoff time. The aircraft woudd require improved taxiways and runways to Support a notioral, maximum
gross opaatioral weight of 24,000 ponds. Taxiways and runways must provide adequate obdacle
clealarce to acconmodat a StrikeStar's 105 feet wing span The runway length required will be
approximately 4,000 &et for takeoff, landing, and aort distances. The StrikeStar woud taxi via globd
postioning and airfield information Mission suppott pesomel woud decorflict opeatiors with ground
control and tower or sanitize the airfield during ground operations and takeoff.

Climb Out. Whenopeating in congested orcontrolled airspace t woud be necessar to decofflict a
StrikeStar with potertial air traffic. In these casedw arcraft woud be progammed to perform a spiral
climb overthe field util above le future equvalent of postive cortrolled airspace. (This may require

coordination for airspace above and around the aerodrome for operations within the United States).
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Enroute. The SrikeStar woud proceed ¢ the target as pogammed unless pdaed informaton is
passedfrom the command certer. Integrated ergine ard airframe function indicabrs woud be constantly
monitored and adjusted autoretically for peak performance by the Virtual Pilot. Engine anorrelies will be
compared aguinst pre-progammed go/no-go cliteria, ard in the ewert anabort criterion is discovered, a
message would be automatically passed to freeter for action.

Ingress. A StrikeStar woud proceed ¢ the trget via the programmed flight path.  Although s$eal thy
technology and dtitude reduces vunerability, flight pah progamming shoud integrate intelligence
preparation of the battlefield (IPB) to optmize this technology and avoid obviows threats. Once in the AO the
StrikeStar wou d release its weapors or recognize its assigned sensor and establish a “kill box.” The kill
box is a block of space where the StrikeStar releases weapons on threats identified by couplezé sensors.

Egress. StrikeStar would egress the AO udng preprogrammed information a remain onstation in a
preprogranmed orbit awaiting batle damage assessert (BDA) ard potertial retargeting information until
egress was required.

Recovery. StrikeStar woud fly to the ardrone's vertical proteced air space,ard execue a spral
descen unless therwise dreced The arcraft woud peform a precision approachard landing, taxi clear
of the active runway, and return to parkinging the enhanced landing system (Ed&cussed earlier.

Regeneration. Maintenance time would be kept to a mnimum through ©mputer diagnastics provided
to ground persomel on landing, and blackbox swap technology. The aircraft coud be refueled, rearmed,
reprogrammed, and "turned" quickly after landing.

System compromise. A StrikeStar is intendedto be a durable datform, however system degradcation
due D batle damage or malfunction cauld canpronmise he daform. To ersue that classfied pogamming
informetion remains secure, preprogrammed informetion will be dtitude volatile. Additiorelly, to prevent
reverse engineering or endangerment of friendly forces, the airframe coud be destroyed by ontboad

weapons or another StrikeStar in the event of an inadvertent landing or errant behavior.
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Figure 6-4. StrikeStar Mission Profile

Command Directed Mission

The sgecifics d the canmand-direcied missonoverlap nany of the aspecs of the auononous mission
The fundanertal distinction beweenthe two operating modes is that the command direced mission requires
conmand center inpus. In this opeating mode the StrikeStar coud exploit the principles of unity of
command, manewer, mass,ard ecaworny of force. While the SrikeStar enployment woud naturally mesh
with the enets of aelogpace pwer, this plaform woud define new limits © the enets of pesistence,
flexibility, and versatility.23 The djecive d the cammand-direced nission is to provide continuous
presence over the batle-field and maximize flexibility. Mission areas unique to command-directed missiors

are delineated below.
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Ingress. A StrikeStar woud be preprogrammed to a sgcific arbit where it woud await closure of the
C? elements OODA loop. This closure woud provide the platform with the required information on opitmum
positioning and targeting commands.

Egress. A StrikeStar woud remain onstation until fuel or weapors expenditures reguire a return to
base. Fuel and weapors status will be provided to the command eement on request. A return to base
message will be transmitted at a predesignated navigation point. Due to the long loiter time in the AO, the
planned recovery location may have changed, so updaed landing information will be passed to the aircraft as

situations dictate.

Critical Tasks and Weapons Employment

The 2025 bdte gace vill have both unique and familiar features. The StrikeStar codd leverage
available weamrs chology to perform many critical tasks. As noted in the New World Vistas, there will
be a mmber of tasks that nmust be accomlished. Among the nog pressing tasks in 2025 will be the
destruction of short-dwell targets, and theater bdlistic missile defense. Additiordlly, the poertial of air
occupaion must be explored. A final task, well suited to a StrikeStar, woud becovert action against trans-
natioral threats located in politically denied territory or in sStuations were plausible deniability is
imperative.

The ability of a StrikeStar to loiter over an area for long periods and exploit informetion donminance
with precisionweapns, woud meke it a ratural Theaer Missie Defense (TMD) plaform, paticulady in
boog phase intercept. A StrikeStar coud be employed in the AO in a sensor-to-shooter mode looking for
bdlistic missilesin the first 180 scords of flight. Intercepting missiles fromhigh dtitudes early in the boog
phaseincreaseghe charcesthat dangerous debris woud fall on ereny territory.25 The weamn enployed
aquinst TBMs or other stort-dwell targets cald be direcedenergy weamns or hypersanic intercepor
m'ssles.26 The opimum weapors selection for a StrikeStar woud match weapors availability to loiter
capability. A StrikeStar offers the advantages of a spacebased BM ddense weamnin terms o opeational
reach a \aest distarce over which military power can be concentrated and employed decisively, and it

extricates the military from the issues of the militarization of s%gce.
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The StrikeStar approach to systems lethality and loiter capability coudd enable the Air Occupation
concefd. Becawseof a SrikeStar' s erdurance, altitude, ard seatkh characeristics, t could wait, undeeced
ove a specific ara ad eiminate trgets yon receving intelligence cues. If required for pausible
deniability, specialized weapors coud beused to erase any US finger-print. Uniquely suited to a StrikeStar
would be ddivery of highkinetic-energy penetrating weapors. Fring kindic weapors a StrikeStar’s
operational altitudes would allow engagements at longer rgr%ges.

Countries corform to the will of their enemies when the penalty of not corforming exceed te ccst of
corforming. The cost can beimposed by destruction or physical occupétion of enemy territory. In the past,
occlpaionwas corducted by ground forces—becase there was no good substitute.zg In 2025, aStrikeStar
coud sew a kthal or nonlethal messag to US erenies aml erforce te impodtion of our natioral will

through air occupation across the battle space continuum.

It is estimated that over half the nations of the world have active UAV programrs.30 Becase d the
proliferaion of UAV techhologes, he Lhited Sates nay face erny UAVs similar to StrikeStar in the future.
Although eyond the scope of this paper, condderation must be given to hov a StrikeStar will fit into, and
possibly shapethe 2025 bategpace. The bwoad nfluence hat UAVs codd have onmilitary roles and
missions will drive evolutionary changes in service dodrine. The issues of how best to employ strike UAVS,
the cetails of the uman system interface,ard potertial countermeasues nust be explored béore this weapn

system can fulfill its potential.
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Chapter 7

Conclusions

There will always be men eage to wice misgivings, but only he who dares to reach into
the unknown will be successful. The man who has been adive will be nore leniently
judged by the future.

—General Heinz Guderian
Armored Forces

Many important isses fice ar military’'s leadership over the next 30 years. Corinuing to buld a
reliable force stucture anidst shrinking budgets is a challenge that must be met headon Recanizing the
oppotunity for growth beyond the UAV’ s recomaissance missionis a must if the US military is to be ready
for dl aspects of the corflict spectrum. While there are other near-term priorities for nilitary spending, UAV
devel oprrent beyond recormai ssance requires specific funding for research and devel oprrent, and opeaations
ard maintenance. Estimating sewen years for developrent ard three yeass from initial fielding to a full
opeational capability, the lethal UAV corcept shoud be supported and funded no later than 2015. In
reality, this milestore shoud be achieved earlier, bu we live in an imperfect world and funding for our
future force is only growing smallér.

The technologes discussed here are realizable by 2025. Current UAV advanced concept technology
demonrstration (ACTD) efforts by Defense Airborne Recomaissance Office’s (DARO) will provide the
leverage we need b take the rext sep in UAV missions. Current efforts to improve convertioral weaprs
and produce an airborne-directed energy weaponwill provide the required precision and lethality needed to
operate across the full spectrum of corflict. An intercormected, Hghly distributed infosphere that prodwces

ultimate batles@ace avareress wil provide the C reins to provide the conventioral deterrence desired.
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Corvertional fuel sources can provide the desired platform peformance beween row and 2015, bu
continued reseach to provide clearer fuel saurcesard improved fuel efficiercies s desirable. StrikeStar
technology is a small hurdle—a challenge that can be overcome by funding and  suppott from visiorary
leaders.

UAVs have a geatpoertial for the stategic ard opeaational commander in the pursuit of natioral
interests. To optmize that poential, the appaent pro-pilot bias that favors manned aircraft over UAVS must
be overcome. Inaddition leaders must findsways to fund lethal UAV developrent and supportt the research
and developrrent of dodrine to suppott it. While doing so, leaders must aso ensure that lethal UAVs and
their concept of operations comply with the wishes of a public that demands safety and accountability.

Based on these conclusions, the following are recommended:

» Add abudget line inthe FY00 FOM, or soorer, that provides adequate funding for the ACTD. Based
on the ACTD results be prepared to dedicate funding for lethal UAVSs.

* Initiate an ACTD effort that picks up where the current DARO ACTDs end. The ACTD will focus on
integrating comporents prodiced in the Miniaturized Munitions Techndogy Demondration, LOCASS, and
Pave Pace avionics architecture, with an enlarged variant of the DarkStar platform.

 Investigate a multimission moduar payload corfiguration for UAV use that will allow a quick and
economicalreconfiguration from strike to reconnaissance missions.

» Continue work on an airborne laser, focusing on miniaturizing the weapon.

» Investigate possible TMD weapors for boog-phase intercept or attack opeations for carriage ona
long endurance stealthy UAV.

« Initiate a stidy to determine whatdodrinal charges ae reecd b efecively enploy StrikeStar across
the conflict spectrum.

» Accelerate efforts to fuse all-source national and theater intelligence technologies .

« Initiate a stdy to deermine tow lethal UAVs canbe integrated into force structure ard the cost
benefits of this concept versus alternatives.

» Cortinue strong suppott of a gobd information infrastructure that can provide secure, reliable

communications.
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The long-erdurance multimission lethal UAV offers the war fighter of the Twerty-first cerury a
capability to enforce the concept of “air occupation” Applicable for use over a wide variety of scenarios
and levels of warfare, the StrikeStar woud be an affordable power projection tool that overcomes many of

the political and social issues that will hinder force projection and force employment in the next century.

Notes

! Mg Gen Jon R. Landry, USA, Retired, Natioral Intelligence Officer for General Purpose Forces,
Central Intelligence Agency, address to the AF 2025 Study Group, Maxwell AFB, Ala., 14 February 1996.
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Appendix A

Unmanned Aerial Vehicle Reliability

UAV reliability corstantly comes up as a mgjor factor when conducting cost performance trade-offs
between manned and unmanned aircraft. The sporadic interest in UAVS has resulted in missing reliability
data or insignificart daa cdlecions due © snall UAV test ses, ard various measuenert technigues. The
propensity to link payload peformance to UAV platform reliability aso led to misconceptiors on overall
reliability.

Table 4 stows te first daa cdleced onthe Air Force’s first widespread we o UAVs duing the

Vietham War and its aftermath.
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Table 4

Ryan Model 147 UAV Flight Statistics

RYAN MIL LT SP Mission Date Number Percent Msn
147 Model Opr Launch Returned Per
Model Uav
A 27 13 Fire Fly-first recce demo| 4/62-8/62
B 27 27 Lightning Bug First Big- | 8/64-12/65 78 61.5 8
Wing High Alt PhotoBird
C 27 15 Trng and Low Alt Tests 10/65
D 27 15 Electronic Intelligence 8/65 2
E 27 27 High Alt Elect Intel 10/65-2/66 4
F 27 27 ECM 7/66
G 29 27 Long body/larger engines  10/65-8/67 83 54.2 11
H AQM-34M 30 32 High Alt Photo 3/67-7/71 138 63.8 13
J 29 27 First Low Alt Day Photo | 3/66-11/77 94 64.9 9
N 23 13 Expendable Decoy 3/66-6/66 9 0
NX 23 13 Decoy andMed Alt Day | 11/66-6/67 13 46.2 6
Photo
NP 28 15 | Interim Low Alt Day Photo| 6/67-9/67 19 63.2 5
NRE 28 13 First Night Photo 5/67-9/67 7 42.9 4
NQ 23 13 Low Alt Hand Controlled | 5/68-12/68 66 86.4 20
*NA/NC AQM-34G 26 15 Chaff and ECM 8/68-9/71
NC AQM-34H 26 15 Leaflet Drop 7/72-12/72 29 89.7 8
NC (m1) AQM-34J 26 15 Day Photo / Training
SISA 29 13 Low Alt Day Photo 12/67-5/68 90 63.3 11
SB 29 13 Improved Low Alt Day 3/68-1/69 159 76.1 14
Photo
SRE AQM-34K 29 13 Night Photo 11/68- 44 72.7 9
10/69
SC AQM-34L 29 13 Low Alt Workhorse 1/69-6/73 1651 87.2 68
SCITV AQM-34L/ITV 29 13 SC with Redl-time TV 6/72- 121 93.4 42
SD AQM-34M 29 13 Low Alt Photo/Real-time | 6/74-4/75 183 97.3 39
Data
SDL AQM-34M(L) 29 13 Loran Navigation 8/72 121 90.9 36
SK 29 15 Operation From Carrier | 11/69-6/70
T AQM-34P 30 32 High Alt Day Photo 4/69-9/70 28 78.6
TE AQM-34Q 30 32 High Alt Real-time 2/70-6/73 268 914 34
COMINT
TF AQM-34R 30 32 Improved Long-range 2/73-6/75 216 96.8 37
3435

Source: William Wagnet,ightning Bugs and Other Reconnaissance Drdfredlbrook, Calif.: Aero
Publishers, Inc., 1982).

The percen returned varied significarly from modd to nodd. The factthese WAVs were flying in a war
zore probably accants for many of the losses, buthe inahlity to recover downed UAVs prevented an
exhaustive aralysis. Using the AQM-34L as he largeststatistical daa sef it is easyto asser that the percen
returned represents a reliability approximation that is good, bt does not meet the reliability rates seen in

manned aircraft.
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Data on the Piorneer UAVs stows te accdent rate is sill higher than manned arcraft, bu sone

improvement is noted since 1986 as the system matured (table 5).

Table 5

Pioneer UAV Flight Statistics

Year | # Mishaps| Flight Hours | Sorties| PercentSorties Loss| PercentSorties Accident
1986 5 96.3 94 2.1 5.3
1987 9 447.1 279 25 3.2
1988 24 1050.9 577 1 4.1
1989 21 1310.5 663 1.2 3.1
1990 21 1407.9 668 <1 3.1
1991 28 2156.6 845 1.3 3.3
1992 20 1179.3 676 1 2.9
1993 8 1275.6 703 1 11
1994 16 1568.0 862 1 1.8
1995 16 1752/0 692 4 2.3

Source Cmdr Davison, US Navy’s Airborne Reconnaissance Office, 15 March 1996.

Data onthe Hurter UAV is shownin table 6. The percentage return rate was 99.7 pecent when human
error is excluded ard orly hardware/software cases ae wsed The dhta reflecs resuts from both eaty
tecmical ard user testing as well as bllow-on eaty training for the Hunter Sysem There were a total of 12
strikes (UAVs damaged such that they will never return to flight) out of the total 1,207 srties flown. Human
error was assessedls he grimary cawse br 66 percen (8) of the 12 stikesflosses. Hardware/software was

assesseds he case br the remaining 34 percert (4) stikes. Of the 12 losses 66 percert (8) occured

during training flights while 34 percent (4) were lost during the early technical or demonstratio% tests.
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Table 6

Early Hunter UAV Flight Statistics

Date of Operations Number of Sorties| Percent Returned| Average Flight Duration

1/1/91-2/20/96 1207 99.0 2.97 flight hours

The latest Predator UAV daa is shown in table 7. The Predaor has been suppotting recomai ssance

missiors in Bosnia and two UAVs have been log: ore to gound fire (Predaor 8) and ore to an engine

malfunction (Predator 1). Used for training now, the GNAT-750 was originally developad for the Central

Intelligence Agency and was also used in Bosnia.

Predator UAV Flight Statistics

Table 7

Model Date OPR Total Total Flight| Bosnia Bosnia Percent Returned
Flights Hours Flights Flight Hrs
GNAT-750 9/94 - 2/96 73 161 100
Predator 1| 6/94 - 8/95 74 328 10 60 94
Predator 2| 9/94 - 8/95 87 452 23 145 100
Predator 3| 11/94 - 10/95 50 205 29 128 100
Predator 4| 9/95 - 2/96 47 132 100
Predator 5| 2/95 - 11/95 99 301 100
Predator 6| 3/95 - 2/96 28 90 100
Predator 7| 5/95 - 2/96 18 42 100
Predator 8| 7/95 - 8/95 11 41 4 20 92
Predator 9| 8/95 - 2/96 74 476 49 371 100
Predator 10| 8/95 - 10/95 19 147 15 127 100
580 2375 140 851

Source: Manny Garrido, Director of Advanced Airborne Systems, Battlespace Inc., Arlington, Va., 22
February 1996.
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! Mr Bill Parr, US Army Joint UAV Office, Redstore Arsenal, Ala., provided the Hunter data and
crash data on 2 April 1996.

70



Appendix B

Worldwide Unmanned Aerial Vehicles

Steven J. Zaloga's article “Unmanned Aerial Vehicles’ in the 8 January 1996issue of Aviation Week

ard Space Bchology provides a canprehensive listing of orgoing efforts in UAV prodiction (tabe 8).

Thirty-four companes, including 16 US comparies, are represeied here. Nine countriesbesides the United

States are involved in UAV design ard prodiction

nations involved in arms exports.

Table 8

Worldwide UAV Systems

Included n this group are many peercompeitors a

Manufacturer Type Mission Weight Payload Speed | Endurance| Max. Alt
AAl,
Hunt Valley, MD, USA | Shadow 200 Multimission 250 | Various 100+ 3+ hr. 15,000
Shadow 600 Multimission 600 | Various 100+ 12+ hr. 17,000
Adv Tech & Engr Co.
(Pty) Ltd.,South Africa | UAOS Multimission 275 | Optronic Day Sight 100 3hr. 16,400
Aero Tech
of Australia Pty, Ltd. Jindivik Mk. 4A | Target 4,000 |— M 0.86 | 115 min. —
Aerovironment Inc.
Simi Valley, CA, USA C.22 Target 1,210 |Radio cmd (R/c) M 0.95 2.5 hr. —
HILINE HALE Recce 770 | Autop. datalink, 120 1-2 days | 40,000
nav. computer I
Pathfinder HALE Recce 480 |Comm.relay, — — 75,000
environ. sensing
Pointer Multipurpose/Recce| 8Ilb. |[R/c 25-50 2hr. 2,000
SASS-LITE Multimission 800 Ib. | Autop. 27 4 hr. 5,000
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Manufacturer Type Mission Weight Payload Speed | Endurance | Max. Alt
Aurora Flight Systems
Manassas, VA, USA Chiron Marine Science 4,630 | Scientific 100 24 hr. 10,560
Perseus A Atmo. Science 1,750 | Atmospheric 80 5hr. 74,000
sampling
Perseus B Atmo. Science 2,500 | Atmospheric 80 36 hr. 63,000
sampling
Theseus Atmo. Science 8,800 | Scientific 50 48 hr. 90,000
CAC Systems
Vendomdise, France ECLIPSET1 | Target 300 IR & RF equip. M 25 ballistic 42,000
ECLIPSE T2 Target 450 IR & RF equip. M43 ballistic 70 mi.
FOX AT1/AT2 | Reccelsurv. 160/250 | R/c, program., track. 160 22 hr./5hr. | 10,500
FOX TS1 Target 160 | Autop., GPS 190 1hr. 10,500
FOX TS3 Target 240 | Autop., Nav.,, GPS | 280 1hr. 15,800
FOX TX Electronic warfare 250 Autop., Nav., GPS 160 5hr. 10,500
Canadair, Bombardier Inc.
Montreal, Quebec, CanadpAN/USD-501 Surv./targeBcq. 238 Programmed 460 75 nm. —
AN/USD-502 Surv./target acq. — Programmable — — —
AN/USD-502 Surv./target acq. — Programmed — — —
CL-227 Surv./target acq. 502 R/c, prog. 92 4 hr. —
CL 289 Recce and surv. 529 Optical camera,| 460 1,242 mi. 1,970
target acquisition
Daimler-Benz Aerospace
Dornier, Germany DAR Antiradar 264.5 |Pass. radar seeker| 155 3hr. 9,840
Seamos Maritme surv. 2,337 |Radar, EO 103 4.5 hr. 13,125
SIVA Recce, surv., 441 Flir, CCD, TV 92 8 hr. 8,200
target acqg.
Flight Refueling Ltd.
Winborne, Dorset, UK | Raven Surv./Recce 185 Video, Flir 75 3hr.+. 14,000
Freewing Aerial Robotics
College Park, MD, USA | Scorpion 60 Multipurpose 110 | Various 25 Ib. 100 3-4 hr. 5,000
Scorpion 100 | Multipurpose 320 Flir, EO, 50 Ib. 172 4 hr. 15,000
General Atomics
San Diego, CA, USA BQM-34A Target 2,500 |Rlc 690 692 nm. —
JIAMQ-2 Target 519 R/c M 0.9 15.6min —
Altus High alt. research 1,600 |— 130 48 hr. 50,000
GNAT 750 Recce/surv./target 1,126 |Day TV, Flir 150 kt. 40 hr. 25,000
I-GNAT Recce/surv./target 1,140 |Day TV, Flir 175 kt. 60 hr. 32,000
Predator Recce/surv./target 2,085 |Day TV Flir, SAR 120 kt. 60 hr. 25,000
Prowler-CR Recce/surv./target 200 Day TV, Flir 160 kt. 8hr.+ 20,000
Honeywell, Defense
Avionics Systems Div QF-104J Target 23,690 |— M2.2 — —
Albuquerque, NM, USA | QF-106 Target 35,411 |— M2.2 — —
QR-55 Target 7,000 |— 133 — —
Israel Aircraft Industries,
Malat Div. Tel Aviv, Israel| Eyeview Recce, surv., 174 | Varies 120 kt. 4-6 hr. 10,000
& target acq.
Helistar OTH target acq., 2,450 | computer 100 kt. 4.5hr. —
Recce, & surv.
Heron Multipurpose 2,400 |— 125 52 hr. 32,000
Hunter Recce/surv. 1,600 [— 110 12 hr. 15,000
Pioneer Recce/surv. 430 Computer 90 kt. 6.5 hr. —
Searcher Recce/surv. 700 Computer 110 kt. 24 hr. —
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Manufacturer Type Mission Weight Payload Speed | Endurance| Max. Alt
Kaman Aerospace Int.Cor
Bloomfield, CT, USA QUH-1B,C,E,M| Target 9,500 |Radar command 126 155 min. —
Digital control
Kamov Design Bureau
Moscow, Russian Fdr | Ka-37 Reccecomm. 550 Preprog or r/c 59 kt. 4.5 min. 5,200
Lear Astronautics Corp.
Santa Monica, CA, USA Skyeye R4E-50| Multipurpose 780 125| 8+ hr. 15,000+ —
Lockheed Martin Skunk
Works Palmdale, CA, USA Dark Star Acq./Recce/surv. 8,600 |SAR 288+ 8+ hr. 45,000+
Lockheed Martin
Electronics & Missiles AQM-127A Target, SLAT 2,400 | Inertial, radar M 25 55 nm. —
Orlando, FL, USA (Super Sonic Low)
Meteor Acft & Electronics
Rome, Italy Mirach 20 Surv./target/acq. 374 R/c, prog. 120 240+ —
Mirach 26 Surv./target/acq. 440 R/c,prog. 135 420+ —
Mirach-70 Target 525 R/c 195 60 —
Mirach-100/4 | Target 594 R/c, prog. M 0.8 60 —
Mirach-150 Recce 748 R/c, prog. M 0.7 80 —
Mission Technologies
Hondo, TS, USA Hellfox Multimission 240 Flir, TV, other 80 kt. 4hr. 15,000+
Northrop Grumman Corp.
Los Angeles, CA, USA | BQM-74E Target 595 R/c 530 kt. — —
People's Rep of China
B-2 Target 1235 |R/c 149 1hr. —
Changkong IC | Target 5401 |Ric 565 45 min. —
D-4 Target 308 R/c 106 2.6 hr. —
Raytheon Acft Co., (Beech
Wichita, KS, USA AQM-37 TargetVariant 620 Radio cmd./prog. M 4.0 120 nm. —
AQM-37A Target 560 Programmed M 0.7-2| 120 nm. —
AQM-37C Target 581 Radio cmd./prog. | M 1.0-3| 120 nm. —
AQM-37EP Target 600 Radio cmd M 3.0-4| 120 nm. —
preprog. autopilot
MQM-107B/D | Target 977/1012 | Radio cmd./prog. M 0.80 | 90m/100m —
MQM-107D Target 977/1012 | Radio cmd./prog. M 0.80 | 100 min. —
Upgrade
MQM-107E Target 977/1012 | Radio cmd./prog. M 0.85| 100 min. —
SAGEM
Paris, France Crecerelle Recce/surv./target 265 Flir, EW 155 5hr. 15,000
Marula Recce/surv./target 165 | Flir, EW 155 5hr. 15,000
Scaled Composites
Mojave, CA, USA Raptor 2 Environ. research 2000 | Environt. sensors 92 10hr. 65,000
Sikorsky
Stratford, CT, USA Cypher Recce 250 EO, Flir, etc. 60 3hr./2,500| 7,900
Silver Arrow
Rishon-Lezion, Israel Colibri Pilot training 50 — 31-100 2hr. 10,000
Hermes 450 Multipurpose 1000 |Variousupto350 Ib.| 57-115 25 hr. 23,000
Micro-Vee Tactical UAV 100 | Videocamera 50-126 5hr. 15,000
STN Atlas Electronik
Bremen, Germany Brevel Recce/surv./target 330 | Thermal Imaging 136 5.5 hr. 11,500
camera
Luna Optical Recce 44 TV, Flir 124 2hr. 3,300
Tucan-95 Recce/surv./target 330 |TV,Flir 155 10hr. 13,100
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Manufacturer Type Mission Weight Payload Speed | Endurance| Max. Alt
Strela Production Assn.
Orenberg, Russian Fed | La-17MM Target 5,070 | Transponder 560 1hr. —
La-17R Recce 6,835 | Camera 560 1hr. —
Dan Target 760 Transponder 440 40 min. —
Tadiran Israel Electronic
Industries Ltd., Israel Mastiff MKk. 3 Recce/surv. 254 R/c; prog. 100 7+ hr. —
& target acq.
Target Technology Brux,
France & Ashford, UK | Banshed — 190 Flares 54-200 1.5hr. 23,000
Banshee 2 — 190 Flares 57-236 1.5hr. 23,000
IMP Operator Training — — 15-90 0.5 hr. —
Petrel Balligtic Target — — M 3.0 104 mi. —
Snipe Mk 5 Aerial Target 145 Flares 180 1.2 hr. 18,000
Snipe Mk 15 Aerial Target — Flares 130 0.5 hr. 5,000
Spectre Surveillance, EW — CCD camera 77-150 3-6 hr. 23,000
Teledyne RyarAero.
San Diego, CA, USA 324 Recce 2,374 | Programcommand | M 0.80 | 1,400 nm. —
Teledyne 410 | Recce/surv. 1,800 |Programcommand | 169 kt. | 14 hr@10K —
BQM-34A Target 2,500 |RPV TrkCntrl Sys. [ M 0.97 | 692 nm. —
BQM-34S Target 2,500 |Integ. Trk Cntrl Sys.f| M 0.97 | 692 nm. —
MQM-34D Target 2,500 |DTCS M 0.97 | 692 nm. —
BQM-145A Recce 2,000 |Programmable M 0.91| 700 nm. —
Tier 2+ Recce 24,000 |— 395 42hr 67,300
YBQM-145A Recce 2,000 |Programcommand| M 0.91| 700 nm. —
Tupolev Design Bureau
Moscow Russian Fed | DBR-1 Jastreb | Recce 84,875 | Camera or Elint 1,740 1.5hr. —
VR-2 Strizh Recce 15,400 | Camera 685 1hr. —
VR-3 Reys-D | Recce 3,110 |Cameraor TV 595 15min. —
Westinghouse Electronic
Huntsville, AL, USA Star-Bird Recce, surv., 280 Flir, TV — 6.5 hr. —
C101& target acq.
Yakolev Design Bureau
Moscow Russian Fed | Shmel Surv., EW 286 R/c uplink 97 kt 2hr. 9,850
Yak-060 RecceEW 225 | TV or EW jammer 110 2hr. —
Yak-061 Recce 285 | TV 110 2 hr. —

Source Tim H. Storey, Director of Operations, Teal Group Corporation, Fairfax Va.
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Appendix C

Contributors

Lt Col (Colonel select) Bruce W. Carmichael is a command pilot with more than 4,300 fying hous in T-
37, T-38, B-52, and U-2 arcraft. He has a Bachelor of Arts degree in government from Colby College and a
Masters in Public Administration degree from Golden Gate University. He is a distinguished graduae of
Squedron Officer School ard receved a Natioral Defense Uhiversity award as a sidert at Armed Forces
Staff College. Lieutenant Colonel Carmichael is a 1996 gaduate of the Air War College. He has
commanded the 99th Recanaissare Squadron (U-2 arcraft) ard sewved onthe saff of the United Sates
Pacific Command ard on the saff of the (ffice d the Secretary of Defense in the Defense Airbome
Reconnaissance Office.

Maj Troy E. DeVine is a senior pilot with more than 3,000 fying hous in the T-37, T-38, and U-2. Sheisa
United States Air Force Acackny graduate with a Bactelor of Science degree n ergineeling mecharics.
Major DeVine is a distinguished graduae of Squadron Officer School and is a 1996 gaduate of Air
Command and Saff College. She has served as the director of conba opeations in the 99th Recormai ssance
Squadron (U-2 aircraft) and will be attending the School of Advanced Air Power Studies next year.

Maj Robert J. Kaufman. Major Kaufman received his USAF commission through ROTC upon graduging
Clenson University in 1982 with a degee n electical ergineeing. He receved a Master of Systens
Analysis degree from University of West FHorida in 1984 ad conpleted podgraduste work in eectrical
engineering in 1992 & University of Colorado & Colorado Srings. He has served in avariety of podtiors to
include: electorics ewgineer ard program manager at the USAF Armament Laborabry, secton chief ard
commander of an opeaatioral test ard ewaluation dgachment, ard USAF Acadeny instructor ard ccach
Prior to atending ACSC, he seved a bu at Headjuarters USAFE where ke was a brarch chef in the
MAJQOM’s Conpuer Systens Held Operaing Agercy ard execudive officer for the Direcbrate of
Command, Cortrol, Communications, and Conputers. Upon graduating from ACSC, he will be assigned as
commander, 509th Communications Squadron, Whiteman AFB, Missouri.

Maj Patrick E. Pence. Major Pence graduated fromthe United Sates Air Force Academy in 1983with a
degree in electrical engineering. He aso holds a Master in systems management degree (1988) from Troy
State University in Alabana. After atending pilot training at Laughlin AFB, Texas, Mgjor Pence campleted
initial F4 training at Homestead A-B, Horida, ard flew the F4E opeatiorally at Taeg: AB, Korea, ard
Moody AFB, Georgia. After Wild Weasel training at George AFB, California, in 1988,Major Pence flew
the F-4G opeatiorally at Clark AB, Philip pines;, Spangdahlem AB, Germany; and Nellis AFB, Nevada He
flew 37 cnba missions in Operation Desert Storm and hes flown 118 omba missiors in support of
Operations Southern Watch, Rrovide Confort, and Vigilant Warrior no-fly zones. During this time he served
as chief of schedding and flight commander 814 Fighter Squadron and as chief of weapors and flight
commander 561st Fighter Squadron.
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Maj Richard S. Wilcox Major Wilcox eaned a Bactelor of Science in computer informaton systens from
Arizona State University in 1983. He is a senior pilot with more than 1,500 lours of fighter time in F111A,
D, E, and F aircraft. Major Wilcox is a distinguished graduae from Air Force ROTC, uncergraduae
navigaor training, undergraduae pilot training, axd Squadron Officers School. His assignnents have
included missionready flying diuties et Royd Air Force Uppea Heyford, United Kingdom and Cannan Air
Force Base, New Mexico, where he held every qualification available to an F-111 plot As a member of
Cannoni s 524h Fighter Squadron, Major Wilcox flew 19 conba sorties in suppott of Operation Rovide
Confort II. His last assignment was advisor to the 27t Operatiors group commander in developrent of
Quality Air Force initiatives for six fighter squadrons and two base-hosted detachments.
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